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ABSTRACT 
Sheep Behavior and Vulnerability 
to Coyote Predation 
by 
Ernest Albert Gluesing, Doctor of Philosophy 
Utah State University, 1977 
Major Professor: Dr. David F. Balph 
Department: Wildlife Science 
This study examined the activity patterns and social 
relation ships between in dividuals in a large herd of domestic 
sheep (Ovis aries) in an effort to determine if behavioral 
charact er is t ics predisp osed certain individuals to coyote (Canis 
latrans) oredation. 
The research was conducted on the Cook Ranch near Florence, 
Montana, from March through September of 1975. Data were 
collected from a herd of 627 ewes and 1082 lambs, each 
individually identifiable. A random sample of 44 ewes and their 
75 lambs were intensively studied over a 16-wk period to establish 
activity budgets and the relationships between sheep activity and 
vulnerability to coyote predation. The feasibility of creating 
target lambs in a free-ranging environment by altering movement, 
appearance, or social relationships with other herd members was 
examined in six experiments. 
x 
xi 
During the study, 24 ewes and 47 lambs died from natural 
causes. Predators killed 7 ewes and 73 lambs. Coyotes selected 
single lambs, lambs displaying aberrant movement, and lambs whose 
dams had restricted mobility. Reduced mobility appeared to 
increase the probability of a lamb being on the periphery of the 
bedground and this in turn increased the probability of it 
being encountered by an attacking coyote. 
Grazing and resting periods of lambs were highly correlated 
with those of the ewes. Lambs were not within sight of their 
dams 30 percent of the time and shO\-ved a greater tendency to be 
absent during rest periods than during other activity periods. 
Yearling ewes investigated less and won less encounters. 
Brocatelface ewes grazed less and slept more than whiteface ewes. 
The oldest ewes interacted with other members of the herd less 
than younger ewes. Although significant differences in behavior 
existed between different age and genotype cl asses, the behavior 
of ewes whose lambs were killed by coyotes was remarkably similar 
to all other ewes. 
Male lambs were consistently absent from their dams less 
than female lambs. Single lambs also showed a tendency to be 
with the ewe more than twins. Single lambs spent more time 
nursing than twins during the first half of the study but not the 
last half. Siblings that were killed by coyotes consistently lay 
down less than their litter mates. Although differences existed 
in the behavioral signature of various classes of lambs, no 
xii 
relationships between these differences and vulnerability to 
predation was apparent. / coyote predation on domestic sheep seems 
to be related more to the chance of a lamb being on the periphery 
of the bedground than to differences in behavioral signatures. 
No pairwise associations were found between ewes. Yearling 
ewes associated with other yearling ewes and were peripheral 
individuals both during the day and on the bedground. Brocatelface 
ewes were peripheral during the day, but not on the bedground. 
Statistically, yearling ewes were leaders, but leadership in a 
welfare sense did not exist. The general lack of file formations 
and the rolling pattern of files when files were formed suggests 
that leadership in domestic sheep is not a robust phenomenon. 
The influence of dominance on positional behavior observed 
during the study was reflected in strange-lamb experiments. Lambs 
which were unfamiliar with the herd were subordinate and were 
forced into peripheral positions where they were more vulnerable 
to predation for up to 3 weeks. ' Lambs with a high susceptibility 
to coyote predation can be created by simply raising lambs in 
isolation and later releasing them into a herd. 
(121 pages) 
INTRODUCTION 
The sheep industry in the United States, which operates on 
a narrow economic margin (Wagner 1972), considers coyote predation 
a major factor in their low profits. Although on an average, 
predation may account for 3-5 percent of the losses in the 
western states (Cain et al. 1971), the number of domestic sheep 
(Ovis aries) killed by coyotes (Canis latran~_) varies greatly 
between states (Nielson and Curle 1970, Marsh and Bledsoe 1971) 
and between ranches in the same locality (Davenport et al. 1973). 
Attempts to reduce sheep losses historically emphasized control 
programs ai med at depres sing coyot e populations. The public and 
investig at ions by Leopold (1964) and Cain et al. (1971) criticized 
such programs, suggestin g that alternate solutions to the proble m 
be inves t igated. The search for workable, alternate solutions 
has cent ered almost entirely upon the coyote (Knowlton 1973a, 
1973b, 1974). The effect that sheep behavior might have upon 
their vulnerability to coyote predation has received little 
at ten ti on. 
Individuals within any ungulate herd are not equally 
vulnerable to predation. Predators select animals which are 
physically inferior (Murie 1944, Crisler 1956, Kuhme 1965, Estes 
and Goddard 1967, Hornocker, 1970, and others) or animals which 
increase their vulnerability by virtue of their behavior. 
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Schaller (1968) and Eaton (1970) observed that Thomson 1 s gazelles 
(Gazella thomsonii) which appeared less alert incurred a greater 
risk of being attacked and killed by cheetahs (Acinonyx jubatus). 
An individual 1 s vulnerability to predation increas es if through 
some behavioral attribute it becomes isolated from the herd 
(Schaller 1968, 1972; Rudnai 1974) or does not respond to a 
predator in the same manner as the herd (Estes 1967, Walther 1969, 
Eaton 1970). Wildebeest (Connochaetes taurinus) which displayed 
abnormal behavior (Kruuk 1972) or which appeared differently from 
the rest of the herd (Lamprey 1964) were singled out and killed 
by predators. Laboratory studies show that if a predator is 
given a choice between an active or inactive prey, the active 
prey is selected (Coppinger 1970, Smith and Watson 1972, Kaufman 
1974, Ruggiero 1975, and others). Taber and Dasmann (1954) 
attributed a higher mortality rate in male mule deer (Odocoileus 
hemionus) fawns to the i r greater activity levels. Jackson et al. 
(1972) recently suggested a similar relationship in coyote 
predation on whitetail deer (Qdocoileus virginianus). The 
location of an individual in a flock also has survival value. 
Peripheral animals incur greater predation risks than the rest 
of the flock (Williams 1966, Walther 1969, Vine 1971, Hamilton 
1971, Kolenosky 1972). Thus, it appears that behavior, in 
addition to physical fitness, influences vulnerability to 
predation. 
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Little is known about the behavior of sheep on rangeland 
where they are exposed to predators. The information we do have 
on sheep concerns mating, rearing, and the behavior of small 
flocks (reviewed by Hafez 1969). The limitations of extrapolating 
concepts of sheep behavior from studies of small flocks in 
paddocks to large herds on rangelands has been discussed by 
Lynch (1967). A study of behavior and antipredator mechanisms 
in large herds on open ranges is needed. This study attempts to 
provide such information. The specific objectives were: (1) to 
document activity patterns and social and spatial relationships 
between individuals in a large herd subject to coyote predation 
and (2) statistically compare these characteristics between 
individu als killed or not killed by coyotes. 
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METHODS 
The study was conducted in 1975 on the Cook Ranch, 4.8 km 
east of Florence and 22.5 km south of Missoula, Montana. General 
topography within the study area varied from open and flat to 
rolling hills with wooded draws. Vegetation consisted primarily 
of wheat grasses, Agropyron crist atus, A· intermedium, A· spicatum; 
cheat grass, Bromus tectorum; fescue, Festuca ovina; alfalfa, 
Medico sp., Onobrychis viciaefolia; sagebrush, Artemisia sp.; 
lupine, Lupinus sp.; spotted knapweed, Centaurea maculosa; 
ponderosa pine, Pinus ponderosa; and black cottonwood, Pooulus 
trichocaroa (Henne 1975; 4-5). The study area consisted of 
fenced pastures that varied in size from 22-330 ha (n = 11, 
x = 143.3, S.D. = 105.9). 
The study herd ori ginally consisted of 627 ewes and 1082 
lambs. Ewes ranged in age from 1-6 years; 343 were Targees, 
137 were Columbias, 128 were a blackface-whiteface cross, and 19 
were unclassified. Hereafter, Targees and Columbias are termed 
whiteface ewes and the ewes which were a blackface-whiteface 
cross are tenned brocatelface ewes. During the period of mid-
October to mid-December of 1974 the ewes had been bred to 
Suffolk, Columbia, and Suffolk X Hampshire rams (Henne 1975). 
The resulting lamb crop was a mix of whiteface and brocatelface 
lambs, of which 522 were males and 560 were females; 922 were 
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twins, 148 were singles, and 12 were triplets. 
Each ewe and lamb was individually identifiable. Ewes were 
marked with a serial number paint-branded along the flanks and 
back. The serial number corresponded to a numbered, permanent 
ear tag. Lambs were similarly marked along the flanks with their 
mother's serial number. A red plastic tag with the lamb's 
serial number was placed in the right ear of females and the left 
ear of males. Every fifteenth ewe that gave birth was marked 
with a red paint smear on the nape and rump. Her lambs were 
also marked with red paint: females were marked on the nape and 
males on the rump. A total of 44 ewes and 76 lambs were marked 
in this manner. Ewes and lambs marked with red paint are 
hereafte r referred to as sample ewes and lambs, respectively . 
Sample l ambs were remarked again on June 2 and July 7. 
Syst ematic observat i ons on the activities of sample ewes and 
lambs were made from the time the herd left the la mbing sheds on 
April 24 until the lambs were weaned on August 15. Each sample 
ewe and her lambs were observed at random between 0600 and 2100 
hours MDT (appro ximately from sunrise to sunset) for a 15-minute 
per iod. Each ewe was observed between 38-43 times (x = 40.55, 
S.D. = 1.164). Data from one sample ewe and her lamb which died 
early in the study plus three sample lambs orphaned shortly after 
parturition were excluded from the analysis of sheep behavior. 
During each 15-minute observation period the following data were 
recorded: (1) activity of the ewe every 20 seconds; (2) activity, 
location, and distance of the lamb(s) from the ewe every minute; 
(3) all encounters, recording for each encounter the identity of 
participants, which participant initiated, and which participant 
won; and (4) the ewes location in the pasture and with respect to 
the herd three times per observation period. 
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Observations pertaining to nearest neighbors were made between 
May 16 and August 3, 1975. Data recorded were (1) the serial 
number and activity of each sample ewe and her five nearest 
adult neighbors and (2) their location in the herd. These 
observations were repeated 33 times. Observations were made every 
other day except for days when the herd was temporarily retained 
in paddocks or during pasture changes. Once an observation 
sequence began, it was continued until all sample ewes were 
located. The time requi red to complete a sequence varied from a 
minimum of 3 hours to a maximum of 6 hours. Pasture size and 
habitat were the main factors contributing to the variation in 
time. 
Observations of herd leadership were obtainable in one 
pasture. During the latter period of occupancy in this pasture, 
the herd deviated from its normal pattern of fanning out from the 
bedground and followed a road to the opposite end of the pasture. 
The serial number of front individuals were recorded when they 
passed four predetermined points along the road. 
To determine if some indivi~uals have a preference for 
peripheral or internal locations on the bedground, the identities 
of peripheral animals were recorded a half-hour before sunset on 
11 days between July 21 and August 13, 1975. 
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Six experiments were conducted to test methods by which lambs 
with a high susceptibility to coyote predation might be created 
for use in toxic collar programs. The six experiments examined 
the feasibility of creating target lambs by altering a lamb's 
mobility, appearance, or social relationships with other herd 
members. The first three experiments consisted of releasing 2, 
15, and 19 lambs, respectively, into pastures occupied by sheep 
which were unfamiliar to the lambs. These experimental lambs 
were allowed to remain in the herd until all lambs were shipped. 
The fourth experiment consisted of five lambs tethered around 
the periphery of the bedground for 7 days. Tethers were 
constructed of 0.635 cm hemp rope and var ied in length from 
1.5-4.5 meters. Each tether was attached to a hind leg by means 
of an 0-ring and canvas strap. The fifth experiment consisted of 
five lambs dyed black and allowed to roam with the herd for 25 
days. The si xth experiment consisted of 10 hobbled lambs released 
in the herd for 7 days. Tethered, dyed, and hobbled lambs were 
placed in the same herd from which they were obtained. 
The results of statistical tests were considered significant 
when probability levels were less than or equal to 0.05, nearly 
significant when probabilities were greater than 0.05 but less 
than 0.15, and not significant if greater than 0.15. 
The assessment of sheep mortality was a cooperative effort 
with Mr. Richard Munoz who was conducting an investigation on 
sheep mortality at the same time. The area surrounding the bed-
ground and draws normally used by the herd were thoroughly 
searched. The remaining areas of the pasture were searched in a 
transect fashion. This technique had proved successful during 
Henne's study the previous year (Henne 1975). Once carcasses 
were located, the causes of mortality were determined by 
techniques outlined in Rowley (1970), Davenport et al. (1973), 
and Henne (1975). 
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RESULTS 
The Lambing Operation 
At the onset of the lambing season, pregnant ewes were moved 
from outlying pastures to small corrals adjacent to the lambing 
sheds where their progress was monitored 24 hours per day. After 
parturition, ewes and their lambs were isolated in 1.23 x 1.23 m 
pens inside the sheds. Each lamb was given 100 mg of Terramycin 
and its navel disinfected with tincture of iodine. Healthy lambs 
were castrated and docked the following day. Lambs with physical 
defects or which appeared weak, were taken from the ewes, given 
additional medication, and placed in a small heated room. If 
they survived, they were transferred to a small pen. 
Each ewe was examined for adequate milk, udder abnormalities, 
and teats were checked to ensure canals were open. As a result 
of these examinations, sometimes twins were separated and one 
lamb orphaned or an orphaned lamb was fostered to a strong healthy 
ewe with a single offspring. During the 5 weeks it took to 
assemb 1 e the study herd, 166 1 ambs were orphaned, of which 66 
(40 percent) were successfully fostered to other ewes. 
Healthy ewes and lambs remained in the isolation pens for 
1 to 2 days, then were transferred to small pastures near the 
ranch headquarters. At the end of the lambing season, the flocks 
were combined into a herd and moved to an outlying pasture. 
9 
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Herd Mortality 
By the time the study herd was moved to an outlying pasture 
on April 24, it had decreased to 623 ewes and 954 lambs. During 
the following 16 weeks, coyotes killed 73 lambs and 19 lambs died 
from other causes (Table 1). Coyote kills amounted to 6.7 percent 
of the original lamb crop, but accounted for 79.3 percent of the 
losses after the herd was turned out to pasture. During the 
study, coyotes also killed 6 ewes, a dog killed 1, and 20 died 
from other causes (e.g., pneumonia, mastitis, maggots). 
Coyotes killed lambs on 40 nights. Most of the time 
(88 percent) of the nights, they killed one or two lambs and fed 
on one or both of the kills (Figure 1). Feeding varied from 
almost complete consumption of the carcasses to only a few bites 
on the rib cage or hindquarters. Four times during the study, 
coyotes killed four or more lambs but only fed on half or less 
of the kills. The most severe incident occurred on June 20 when 
coyotes killed or mortally wounded 14 lambs but only fed on three. 
Class of Lambs Killed by Coyotes 
We were able to identify 71 of the 73 lambs that coyotes 
killed. It was not possible to positively identify the other two 
due to missing ear tags and carcass deterioration. In the 
following analyses, I have treated the data as if only 71 la mbs 
had been killed. 
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Table 1. The composition of the herd at the beginning and at the 
end of the study period, showing the number of 
individuals that were removed by the ranch foreman, the 
number that died from natural causes, and the number 
that were killed by predators. 
Died Compo-
Removed due to Ki 11 ed s iti on 
Original from natural by at 
composition the herd causes predators weaning 
Ewes 627 0 24 7 596 
Lambs 1082 100 47 73 862 
Totals 1709 100 71 80 1458 
30 
"' .. 
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c 20 
..... 
0 
.. 
Q) 
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10 z 
1 2 3 4 5 14 
Number of lambs 
Figure 1. Frequency distribution of the number of lambs killed 
or wounded per night on nights when coyote attacks 
occurred. 
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Sex 
Coyotes killed male and female lambs in about equal 
proportions, 0.0809 and 0.0714, respectively. This differs from 
Henne's (1975) findings the previous year when coyotes killed 
more females than males (P < 0.025). 
Litter size 
Between 24 April and 15 August, 935 lambs were available to 
predators: 14 percent were singles, 84 percent were twins, and 
13 
2 percent were triplets. Proportionately, coyotes killed almost 
twice as many singles as they did twins, 0.1259 and 0.0673, 
respectively (P < 0.02). If the two unidentified lambs were 
twins, the significance does not change. The number of singles 
twins and tr iplets kille d by coyotes is shown in Table 2. 
Abnormal behavior 
On June 17, I noticed five lambs disolaying signs of having 
eaten horsebrush (Tetradymia glabrata or canescens). Their faces 
and ears were swollen, their eyes were puffy, and they had poor 
control of their leg muscles. The lambs also had an aversion to 
light and sought whatever shade was available. Coyotes killed 
one of these lambs that night and another one 2 days later. By 
June 22, the surviving three lambs no longer displayed symptoms 
of weed poisoning. 
I also recorded the identities of 21 other lambs that limped 
or behaved abnormally (e.g., lethargic, hunched) during the study. 
Table 2. Number of single lambs, twins, and triplets killed by 
coyotes between April 24 and August 15, 1975. Two 
unidentified lambs killed by coyotes are omitted. 
Ki 11 ed 
Not killed 
Total exposed 
Proportion killed 
Single 
17 
118 
135 
0.1259* 
Twin 
53 
735 
788 
0.0673 
Triplet 
1 
11 
12 
0.0833 
Total 
71 
864 
935 
0.0759 
* Coyotes killed single lambs proportionately more than twins 
(chi-square= 5.72, df = 1, P < 0.02). 
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The ranch foreman removed two of the lambs within 2 days after I 
noticed them, three of them died within 3 days after they were 
noticed, one died 21 days later, and coyotes killed three. Coyotes 
killed the latter three lambs within 3 weeks from the time their 
abnormalities were first observed. The proportion of lambs 
displaying abnonnal behavior that coyotes killed was greater than 
the proportion of normally appearing lambs (P < 0.05; Table 3). If 
the two unidentified lambs were normal, the difference was still 
significant (P < 0.05). 
The above data are undoubtedly biased, since I probably did 
not see all of the disabled lambs in the herd. The data indicate, 
however, that if I was able to spot disabled lambs, so might an 
experienced predator. Two other factors possibly contributed to 
susceptibility: (1) disabled lambs usually lagged behind the herd 
and (2) I sa\AJ them on the periphery of the herd in the evening. 
The combination of abnormal behavior and increased exposure as the 
result of perioheral positions on the bedground may have increased 
a lamb's vulnerability to predation. 
Sample versus herd lambs 
My i den ti fi cation marks on sample lambs may have changed 
their appearance enough to affect susceptibility. Coyotes killed 
11.1 percent of the sample lambs compared to 7.5 percent of the 
herd lambs. The difference was not significant (P < 0.25). 
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Table 3. Number of normal and abnormal lambs killed by coyotes 
between April 24 and August 15, 1975. Two unidentified 
lambs killed by coyotes are omitted. 
Abnormal 
Ki 11 ed 5 
Not ki 11 ed 21 
Total exposed 26 
Proportion killed 0.1923* 
*P < 0.05 
Normal 
66 
843 
909 
0. 0726 
Total 
71 
864 
935 
0.0759 
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Fostered versus maternal lambs 
Coyotes killed 2 of 62 fostered lambs and 69 of 874 maternal 
la mbs. Although the proportion of fostered lambs killed by coyotes 
is less than half that of the maternal lambs, the difference was 
not significant (X2 = 1.80, df = 1, P > 0.15). 
Relationships Between Age, Genotype, or Health 
of Ewes and Lamb Susceptibility 
The age of the ewes in the herd ranged from 1-6 years. 
Coyotes killed disproportionate numbers of lambs from each age 
class (Table 4), but differences were not significant (P > 0.50). 
Genotype 
Coyotes killed lambs from whiteface and brocatelface ewes in 
about equal proportions, 0.0797 and 0.0605, respectively. This 
suggests that the genotype of the ev1e had little effect on a lamb's 
vulnerability. 
Hea 1th 
During the study I recorded the identities of 19 ewes with 
mastitis, foot abscess, wool maggots, pneumonia, or some other 
infection. Ewes with severe cases of foot abscess limped noticeably 
and lagged behind the herd. Sick ewes also displayed reduced 
mobility and were frequently the last individuals to leave the 
bedground in the morning and the last to return at night. Foot 
Table 4. The number of ewes in each age category and the number of their lambs that were 
ki ll ed by coyotes between April 24 and August 15, 1975. Two unidentified lambs 
were killed by coyotes are omitted. 
Ewes 
Lambs: 
Killerl 
Total exposed 
Proportion killed 
1 2 3 
94 9 89 
8 2 10 
95 14 150 
.0842 .1429 .0667 
Age of ev.Je 
4 
17 
0 
33 
.0000 
5 6 
19 396 
2 · 49 
33 604. 
.0606 .0811 
Unknown 
3 
0 
6 
.0000 
Total 
627 
71 
935 
.0759 
,___. 
ex:, 
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abscess (53 percent) or some internal infection (32 percent) were 
the major causes of reduced mobility. 
The 19 disabled ewes had 31 lambs, 7 of which were killed. 
Four of the seven lambs were killed between 4 and 34 days (x = 18, 
S.D. = 12.4) befored I noticed the ewes1 condition. The remaining 
three lambs were killed after I .noticed the ewes: one after 10 
days, one after 39 days, and the other after 52 days. Coyotes 
killed proportionately more lambs from ewes with reduced mobility 
than they did lambs from healthy ewes (P < 0.01; Table 5). If the 
dams of the two unidentified lambs were healthy, the difference 
was still significant (P < 0.01). 
The following histories of two ewes provide some circumstantial 
evidence for a relationship between a e1ve1 s health, peripheral 
location, and lamb vulnerability. Ewe 9246 had a ruptured udder. 
Her condition deteriorated and greatly affected her ability to 
walk. Probably because of her disability, 9246 and her lamb were 
peripheral individuals and lagged behind the herd. Ewe 9246 died 
late in the afternoon on May 16, about 5 m from the edge of th e 
bedground. Her lamb was lying beside her when I left that night. 
The next morning the lamb1 s carcass was found about 1.5 m from the 
ewe. A coyote had killed the lamb. The history of another ewe 
which I also saw frequently was similar. Ewe 1318 had foot abscess. 
I first noticed her condition on May 29. Ewe 131B1 s health also 
deteriorated and as the summer progressed, she lagged behind the 
Table 5. Number of lambs, from healthy or diseased ewes, that 
were killed by coyotes between April 24 and August 15, 
1975. Two unidentified lambs that were killed by 
coyotes are omitted. 
Condition of ewe 
Healthy Diseased Total 
Ki 11 ed 611. 7 71 
Not killed 838 24 862 
Total exposed 904 31 935 
Proportion k i 11 ed 0.0708 0.2258* 0.0759 
* P < 0. 01 
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herd. Coyotes killed 131B1 s lamb on July 20, and killed her 13 
days 1 ater. 
Reduced mobility appears to increase the chance that a ewe 
and her lambs will be on the periphery of the bedground. This 
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in turn increases the probability that they will be encountered 
by attacking coyotes. Hence, reduced mobi 1 i ty of a ewe increases 
lamb susceptibility. 
General Behavior 
I have already mentioned that we know little about the 
behavior and antipredator mechanisms of large herds of sheep on 
rangeland. Therefore, the purpose of this section is to provide 
some data on the behavior and activity periods of a large herd of 
sheep on rangeland where it is exposed to coyote predation. This 
section also provides the operational definitions that we used 
during the study to describe various sheep activities. 
Grazing ( GR) 
Grazing was by far the most important activity in terms of 
time. Ewes spent over 60 percent of the day gathering food. There 
were two distinct grazing periods betvJeen sunrise and sunset 
(Figure 2). The first period began around sunrise and ended 
about 1100 hours. The onset of the morning grazing period was 
very abrupt. One minute all the ewes and lambs were laying dovm, 
and the next minute they were all walking towards the grazing area. 
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Figure 2. The amount of time ewes spent grazing, resting, and 
walking as a percentage of all activities during 
each hour of the day. Means and standard deviations 
were calculated from pasture samples. 
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This synchronous behavior seemed to be triggered by a few ewes 
which left the bedground and slowly walked in the general direction 
of the grazing area. These ewes were not necessarily the same 
individuals each day, and if they did not walk toward the grazing 
area the herd did not respond. In contrast to the synchronous 
beginning of the morning grazing period, the onset of the afternoon 
period was characterized by ewes and lambs which left the daycamp 
singularly or in groups of two or three. The number of grazing 
animals gradually increased between 1400 and 1800 hours. Normally, 
by 1800 hours the entire herd had returned to the grazing area. 
The afternoon period ended around sunset when the herd bedded 
down for the night. 
I observed the herd throughout the night five times during the 
study. The herd did not graze on any of these nights, even though 
the days were warm and there was a full moon on three nights. 
Lambs nibbled and sucked on straw and hay within a day after 
parturition. By the time they were a week old, they chewed and 
sucked on plants for periods of up to 7 minutes. Scott (1945) and 
Munro (1955) suggest that lambs may not actually eat plants until 
they are 10-14 days old. The amount of time the lambs grazed 
during the day increased from 35 percent the first week to 60 percent 
the last two months. Lambs also had a bimodal pattern of grazing 
(Figure 3). 
Restina 
Ewes and lambs rested by standing (ST), lying (LD), or 
sleeping (SL). Sleeping was operationally defined as the head 
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Figure 3. The a~ount of ti~e la~bs spent grazing, resting, and 
walking as a percentage of all activities during each 
hour of the day. Means and standard deviations were 
calculated from pasture samples. 
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resting on the ground and the eyes closed. Lying was defined as 
the head up and the eyes open or closed. I differentiated between 
sleeping and lying because of the difference in awareness 
associated with these two modes of resting. For example, if a 
ewe was "sleeping," it was relatively easy to sneak up and grab 
her; however, if her head was up, even if her eyes were closed, it 
was almost imoossible to grab her before she detected my presence. 
This also applied to lambs. It was not unusual for a ewe to walk 
away from her "sleeping" lamb, but I never observed a lamb left 
behind if it was "lying." 
Ewes rested about 4 hours during the day, primarily between 
1200 and 1800 hours (Figure 2). Lying was the major mode of 
resting (63 percent of all resting observations were recorded as 
LO), followed by standing (32 percent). Ewes slept only 5 percent 
of the time between sunrise and sunset. Lambs rested an average 
of 5.5 hours per day during the first week of the study (S.D. = 
2.37), but only 3.5 hours per day during the last week (S.D. = 
1.79). These averages are probably lower than the actual amount 
of time spent resting, since during part or all of some observational 
sequences a lamb's location, and hence activity, v,ere unknown. It 
is possible that lambs rested during part of this time. 
The way lambs rested changed. During the first week we 
recorded 79 percent of all resting observations as LO, 11 percent 
as SL, and 10 percent as ST. During the last week of the study v-Je 
recorded only 4 percent of all resting observations as SL, while 
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ST increased to 32 percent. The remaining 64 percent were LO. 
These data suggest that as the lambs grow older, they not only 
rest less, but also change their pattern of resting to those of 
an adult. 
Rumination 
Rumination was not recorded as a separate activity. When 
sheep rested, however, they usually ruminated. Other studies 
(e.g., Lofgreen et al. 1957, Arnold 1962, Squires 1974) have shown 
that rumination occurs primarily during periods of resting. 
Walking (WA) 
When ewes graze, they move from plant to plant, movement 
being an integral part of grazing. I was interested in whether or 
not the amount of movement, expressed primarily as walking, was 
the same for all ewes. To detect differences, I operationally 
defined walking as locomotion in which five or more steps were 
taken. Defined in this manner, ewes spent about 11 percent of the 
day walking. The amount of time that ewes and lambs walked as a 
percentage of each hourly interval is presented in Figures 2 and 
3, respectively. These histograms show that walking was a 
relatively continuous activity throughout the day. There were no 
well-defined periods similar to grazing and resting. 
Herd movement and its relationship 
to pasture vegetation 
It was obvious during the study that the amount of walking 
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while grazin9 varied between pastures, especially when the forage 
in a new pasture differed from the previous pasture. Although this 
study study was not designed to rigorously test hypotheses 
concerned with the relationships between sheep behavior and forage 
palatability, a simple chi square analysis of the frequency of 
walking in each pasture is possible. The analysis showed signifi-
cant differences in the amount of time ewes walked in different 
pastures (P < 0.001). Pasture number, days in the pasture, pasture 
size, major vegetation, and the time spent walking as a proportion 
of all qcti vi t1 es are presented i,n Table 6. 
An examination of Table 6 shows that 89 percent of the 
contribution to chi-square was the result of differences in the 
time spent walking in two pastures. Ewes walked only about half 
as much as expected in pasture 05 and about 50 percent more than 
expected in pasture 06. The reason for these deviations might be 
explained by prior conditioning and diet preferences. 
Prior to pasture 05, the herd had been in pasture 03. The 
vegetation in pasture 03 consisted primarily of grasses and alfalfa, 
57 and 28 percent of the pasture composition, respectively. 1 
Although the ewes ate both grass and alfalfa, they obviously 
preferred alfalfa and spent time searching for it. Pasture 05 
had more alfalfa (53 percent) than grass (38 percent) and as a 
1An index of pasture composition was obtained by walking 
transects 100 steps apart in each pasture and recording the most 
abundant appearing plant in a 1-m circle every 100 steps. 
Table 6. The amount of time ewes spent walking in different pastures as d proportion of all 
activities. Pasture 07 consisted of pasture 06 plus an adj oining 155.4 ha. 
Pasture 09 was the combination of pastures 02 and 03. 
Days in Ti me spent Contr ibution Pasture 
Pasture pasture walking to chi-square size (ha) Major vegetation 
02 22 0.1171 7.70 79.7 Grasses, alfalfa 
03 16 0.1021 11.14 59.1 Grasses, alfalfa 
05 11 0.0643a 133. 76 21. 5 Alfalfa, grasses 
06 7 0.1858b 164.92 170.0 Grasses, sagebrush 
07 11 0.1201 4.17 325.4 Grasses, sagebrush 
02 15 0.1026 7.92 79.7 Grasses, alfalfa 
09 21 0.1208 7.75 138.2 Grasses, alfalfa 
337. 36* 
* P < 0.001 
aSignificantly lower than other pastures. 
bSignificantly higher than other pastures. 
N 
OJ 
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result, ewes spent less time searching for alfalfa here than they 
did in pasture 03. The ewes began grazing as soon as they left 
the bedground in both pastures, so walking to and from a grazing 
area was not a major factor contributing to the difference. 
The herd was in pasture 05 for 11 days, long enough for them 
to become conditioned to a diet primarily of alfalfa . From 
pasture 05, the herd was transferred to pasture 06, where alfalfa 
constituted less than 5 percent of the vegetation. The first day 
the herd was in the pasture they walked the perimeter, a distance 
of approximately 4 km, in just under three hours. In comparison, 
when the herd was released into pasture 02, which consisted of 
about equal parts of alfalfa and grass, they did not reach the 
opposite end 1.38 km away until the third day. The situation in 
pasture 03 was similar. The herd did not reach the opposite 
corner 1. 08 km away until the second day. The ewes spent 
considerable time, and probably energy, searching for alfalfa in 
pasture 06. 
If the proportion of alfalfa in a pasture was a continuing 
factor governing search time, then I would expect the walking time 
in pastures of similar vegetation to be similar. This was not the 
case. Pasture 07 consisted of pasture 06 plus an adjoining 155.4 ha 
of similar vegetation. Yet, the amount of time ewes walked in 
pasture 07 was only 65 percent of what it was in pasture 06. This 
suggests that by the time pastur~ 06 was enlarged into pasture 07, 
the ewes were conditioned to a less preferred diet and no longer 
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searched for alfalfa to the extent they had initially. 
Maternal care (AL) 
Maternal care was operationally defined as any care given to 
a lamb by its dam and followed Scott's (1945) eoimeletic behavior. 
Ewes spent a surprisingly little amount of time caring for their 
lambs. Maternal care amounted to only 1.4 percent of the ewes' 
activity budget. The majority (69 percent) of all AL recordings 
were made when ewes looked for their lambs. 
Care soliciting (NR) 
Care soliciting includes nursing and Scott's et-epimeletic 
behavior. Nursing accounted for 93 percent of all the care 
soliciting recordings during the first 2 weeks of the study, but 
less than 75 percent during the last 2 weeks. The amount of time 
lambs spent nursing declined from 2.6 percent of their activity 
budget during the first 2 weeks to 0.34 percent the 2 weeks before 
the lambs were weaned. 
Although lambs nursed during all hours of the day, they nursed 
most often between 1500 and 1600 hours (Figure 4). This time 
corresponds to the end of the midday rest period. It was not 
unusual for a ewe and her lambs to be separated from each other 
during periods of resting. Nursing was a mechanism by which they 
got back together. Ewes initiated nursing at the end of the midday 
rest period and in the morning on the bedground 85 percent of the 
time. At other times of the day, lambs frequently initiated 
Figure 4. 
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nursing (60 percent). It is possible that a full udder made the ewe 
uncomfortable and served as a stimulus to seek her lambs. 
Investigating (INV) 
32 
The amount of time that ewes and lambs spent observing their 
surroundings or other sheep was termed investigating (INV). Sheep 
appeared to pay little attention to their environment. As a percentage 
of all activities, ewes watched other sheep or observed their 
surroundings only 4.4 percent of the time. The amount of time that 
lambs observed their surroundings decreased from 4.4 percent during the 
first month to 1.3 percent the last month. 
When ewes looked around, they appeared to watch other herd animals 
in 38 percent of the recordings. Similarly, lambs watched other ewes 
and lambs in 30 percent of the recordings. Lambs investigated objects 
such as shrubs and rocks in 36 percent of the recordings, while ewes 
investigated these objects in only 16 percent. Ewes watched non-herd 
ani mals 13 percent of the time and lambs watched these non-herd animals 
only 8 percent of the time. We were unable to determine what ewes and 
lambs were watching 33 and 26 percent of the time, respectively . 
Encounters (ENC) 
Encounters were operationally defined as any recognizable 
interaction between two sheep but excluded nursing , During the 
16-wk study period, we observed only 193 encounters between a 
sample ewe and another member of the flock. Over half of the 
encounters (108) were passive and consisted of a ewe rubbing her 
ears against some other ewe (61) or avoiding another ewe (47). 
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Of the 85 encounters which involved butting, chasing, or shoving, 
53 percent were between a ewe and a non-maternal lamb. Only 40 
combat encounters were observed between a sample ewe and another 
adult member of the flock. The 75 sample lambs had 218 encounters. 
The majority (168) consisted of a lamb nuzzling or rubbing its 
ears against its dam. Lambs avoided ewes in 10 encounters and 
were chased by ewes 41 times. 
Self-ca re (SC) 
Self-care activities were maintenance activities which 
interrupted on ongoing behavior. Self-care included urinating, 
grooming, and horning. Horning followed Geist's (1971) definition 
of rubbing the horn area on objects such as shrubs, trees, and 
fence posts. The amount of time ewes and lambs spent at self-care 
activities as a percentage of all activities was low, 0.52 and 
0.92 percent, respectively. The ratio of grooming to horning was 
3:1 for lambs compared to 10:1 for ewes. 
Playing (PLY) 
Playing was operationally defined as bouncing stiff-legged, 
turning in the air, or jumping on and off rocks, activities which 
were termed "gambolling" and "game playing" by Scott (1945). Lambs 
played infrequently and we recorded playing only 32 times. The 
amount of time that lambs played may be under-represented, because 
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occasionally playing lambs moved out of sight of the observer and 
their behavior was recorded as unknown. Adult ewes played rarely. 
I observed adult ewes playing only twice, and both times the ewe 
was a yearling. 
Location unknown (LX) 
Lambs were not always within sight during a 15-min observation 
period. When this happened, the lamb's activity was recorded as 
LX (location unknown). Although LX was recorded throughout the 
day, it was recorded more frequently between 1200 and 1400 hours 
(Figure 4). This time corresponds with the peak period of resting 
for the ewes (Figure 2). The location of a lamb was unknown 
30 percent of the time. 
Bedground behavior 
The herd returned to the bedground area around sunset. The 
actual time varied between days and ranged anywhere from 1~ hours 
before to one-half hour after sunset. If the herd returned before 
sunset, they grazed until dark. Ewes and their lambs, if separated 
from each other, generally paired up at this time, but this, too, 
was variable. If the herd returned to the bedground late, pairing 
often took place while the herd walked from the grazing area to the 
bedground. The bedground formation was usually formed no later 
than one-half hour after sunet. 
Throughout the night some ewes changed locations, moving from 
the inside to the outside or vice versa, and there were always 
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some ewes standing. On three nights between 2400 and 0430 hours, 
I recorded the number of ewes standing at half-hour intervals. 
The number of standing ewes varied from 23 to 92 (x = 61.7, S.D. = 
18.1, n = 30). On each night, some ewes and 1 ambs grazed on the 
periphery as far as 10 r., from the nearest resting ev1e. The largest 
number of ewes and lambs grazing on the periphery of the band at 
the same time was four, three lambs and one ewe. The longest any 
ewe grazed was 28 minutes. 
During two of the night observations, coyotes attacked and 
killed a lamb. The lambs were killed on the opposite side of the 
bedground from the blind and we did not observe either kill. We 
were not even aware that a lamb had been killed until the following 
morning. The herd as a whole apparently reacted very little to the 
presence of an attacking coyote. At least we were not able to 
detect any change in behavior. It is possible that the killing 
occurred between 0030 and 0200 hours. During this time period 
ewes and lambs got back together and lambs nursed. On one other 
night I heard a coyote in the pasture but was unable to see it. 
Before the coyote yipped, ao sheep were standing; 19 more stood 
right after it yipped. The coyote did not attack the herd and 
the sheeo showed no further reaction. 
Between 0430 and 0600 hours, lambs nursed again and ewes and 
lambs changed their locations. Shortly before sunrise ewes got up 
and began to graze on the periphery. 
Relationships between activity 
Qeriods of ewes and lambs 
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Lambs are "followers" (Walther 1964, 1972; Lent 1974) and are 
usually with their dams. Therefore, one would expect the activity 
periods of lambs to be correlated with those of ewes. Grazing and 
resting periods of lambs were highly correlated with the ewes, 
r = 0.90 (t = 7.91, df = 14, P < 0.0005) and r = 0.92 (t = 8.64, 
df = 14, P < 0.0005), respectively. So were walking periods 
(r = 0.91, t = 7.99, df = 14, P < 0.0005). 
A related question, since lambs were not within sight of the 
ewe 30 percent of the time, concerned whether lambs were recorded 
as LX more often with one activity of the ewe as compared to some 
other activity. For example, were lambs more likely to be missing 
when the ewes were grazing or when they were resting? To answer 
this question, I compared the proportion of time that lambs were 
recorded as LX during each hour of the day (Figure 4) with the 
activity of the ewes each hour of the day. The results showed 
that there was a slight negative relationships with grazing (r = 
-0.31, t 1.22, df = 14, 0.10 < P < 0.15); there was a slight 
tendency for lambs to be recorded as LX when the ewes were resting 
(r = 0.35, t = 1.38, df = 14, P < 0.10); and a negative correlation 
when the ewes were walking (r = -0.43, t = 1.77, df = 14, P < 0.05). 
The above correlations suggest a greater tendency for ewes 
and lambs to be separated during restin0 periods than during other 
times of the day. It was not unusual for lambs and ewes to be 
separated while resting. At the end of the rest period, ewes 
gathered their lambs; the lambs nursed; and the ewes and lambs 
left the daycamp together. 
Behavioral Differences Between Classes of Ewes 
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In analyzing behavioral data concerned with the proportion of 
time that an animal spends at different activities, there is 
always a question of independence and the appropriateness of a 
statistical test, since the amount of time spent at one activity 
may be a function of the amount of time spent at another. For 
example, the amount of time that a ewe ruminates is related to the 
amount of time that she grazes. But are the number of encounters 
that a ewe has with other flock members also related to the amount 
of time that she grazes? In the following analyses of the 
beha vi ora 1 di fferences bet\'ieen various cl asses of ewes and 1 ambs, 
I have assumed independence between behaviors and used a Kruskal-
Wallis one-way analysis of variance to determine if the way in 
which one class of ewes proportioned their activity budget was 
different from some other class. 
Genotype 
Neither of the two genotypes contained ewes of all age classes 
and none of the age classes contained ewes of each genotype, 
therefore strict comparisons bet1-Jeen genotypes and age cl asses a re 
not possible. However, differences in behavior between ewes of 
different age or genotype were noticeable, so I feel a statistical 
comparison is warranted. 
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Ewes of different genotypes proportioned their activity 
budgets differently (Table 7). Brocatelface ewes grazed and rested 
in a ratio of 1.72:1 compared to a ratio of 2.84:1 for whiteface 
ewes. The difference between the t1vo ratios results from brocatel -
face ewes grazing less (P < 0.01) and resting more (P < 0.02) than 
whiteface ewes. The greater amount of time that brocatelface ewes 
rested was reflected in each mode of resting. They stood more 
(P < 0.10), lay down more (P < 0.15), and slept more (P < 0.05) . 
The ratio of sleeping to the two more alert modes of resting, 
standing and lying was very different between the two breeds. 
Whiteface ewes slept in a ratio of 1:25, while brocatelface ewes 
slept in a r atio of 1:10. This suggests that during rest periods, 
whiteface ewes were probably the more alert individuals. 
Brocate l face ewes inter acted with other members of the herd 
more than whi teface ewes (P < 0.05). On a per ewe basis, brocatel-
face ewes had twice as many encounters 11i th other ewes as did 
whiteface ewes, 1.67 and 0.81 encounters per ewe, respectively. 
Brocatelface ewes also had more encounters with lambs, 1.50 per 
brocatelface ewe compared to 0.97 per whiteface ewe. On the other 
hand, brocatelface ewes avoided other ewes only 13 percent of the 
time, while whiteface ewes avoided other ewes 29 percent of the 
ti me. The tendency to fight instead of avoid suggests that 
brocatelface ewes were less tolerant of other herd members, a trait 
which is compatible with the less gregarious reputation of blackface 
breeds (Terrill 1968, Juergenson 1973). 
Table 7. The average amount of time spent at each behavior as a proportion of the time spent at 
all behaviors during the 16 weeks by ewes of different genotype, age, or with 
different genotype, age, or with different litter sizes. 
Class ~J INV AL GR \~A ST LO SL ENC SC 
White 37 0.0441 0.0145 0. 6177** 0. 0977 0.0702 0. 1385 0.0085** 0.0023** 0.0065 
Brocatel 6 0.0454 0.0121 0.5252 0.0967 0.0970 0.1818 0. 0272 0.0041 0 .0106 
1 yr. 7 0.0279* 0.0162 0.6001 0.0900 0.0731 0. 1722 0.0076 0.0039 0.0090 
2-4 yr. 6 0.0454 0.0121 0.5252* 0. 0967 0.0970 0.1818 0.0272** 0.0041 0.0106 
5-6 yr. 30 0.0479 0.0141 0.6218 0.0995 0.0696 0.1306* 0.0087 0.0020* 0.0059* 
Singles 13 0.0409 0.0162 0.5780 0.1088 0.0788 0.1546 0.0126 0.0031 0 .0071 
Twins 30 0.0458 0. 0133 0.6164 0.0927 0.0719 0. 1402 0.0104 0.0024 0. 0071 
* P < 0.05 ** P < 0.01 
Key to abbreviations: 
INV= investigatinq; AL= maternal care; GR= graying; WA= walking; ST= standing; LO= lying; 
SL= sleeping; ENC= encounters; SC= self-care. 
w 
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The sample ewes ranged from 1 to 6 years of age: 7 were 
yearlings; 1 was 2 years old; 4 were 3 years old; 1 was 4 years 
old; 3 were 5 years old; and 27 were 6 years old. Ewes 2-4 years 
of age were brocatelface; all the rest were whiteface. Because of 
small sample sizes, I combined 2-4 year olds and 5-6 year olds in 
the following analysis (Table 7). Grouped in this manner, there 
is confounding between age and genotype. Therefore, the differences 
in behavior shown in this section may not be strictly related to 
age. 
Yearling ewes investigated their environment only about half 
as often as 2-4 and 5-6 year old ewes (P < 0.05). Yearling ev1es 
did not differ significantly as a class from the rest of the ewes 
in amount of time spent at any other activity. The oldest ewes 
rested 20.9 percent of the time compared to 30.6 percent for 2-4 
year olds and 25.3 percent for yearlings. When they rested, 5-6 
year olds also lay down less (P < 0.05). The proportion of time 
that yearlings and 5-6 year olds slept was about the same for each 
age class, 0.0076 and 0.0087, respectively, but significantly 
different from the 2-4 year old class. Similarly, yearlings and 
5-6 year olds did not differ from each other in the amount of time 
spent grazing, but did differ from the 2-4 year olds (P < 0.05). 
The oldest ewes in the herd spent less time in self-care activities 
(P < 0.05) and less time interacting with other flock members 
( P < 0. 05). 
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On a per ewe basis, yearlings had more encounters with other 
ewes (2.0) than did the other two age classes (1.67 per 2-4 year 
old ewe and 0.53 per 5-6 year old ewe). Yearlings won only 43 
percent of these encounters compared to 60 percent for 2-4 year 
olds and 81 percent for 5-6 year olds. These differences were 
significant at the 10 percent level (chi-square= 4.73, df = 2). 
Although separate chi-square anal ysis showed that yearlings did not 
differ from 2-4 year olds (P > 0.50) and 2-4 year olds did not 
differ from 5-6 year olds (P > 0.50), yearlings lost more encounters 
than 5-6 year olds (Yates' correction: P < 0.10) and more than 2-6 
year olds combined (Yates' correction: P < 0.15). Yearlings as a 
class were smaller and, except for the lambs, the least dominant 
individua l s in the herd. The oldest ewes avoided other ewes in 
34 percen t of the encount ers compared to 13 percent for 2-4 year 
olds and 18 percent for yearlings. 
Litter size 
The 43 sample ewes had either twins (30) or singles (13). 
The amount of time that each group apportioned to each activity did 
not differ between the two classes (Table 7) at the 5 percent level, 
but three activities, AL, GR and WA, differed at the 15 percent 
level. 
Ewes with singles spent more time caring for their lambs than 
ewes with twins. The difference in maternal care results from the 
frequency in which nursing was recorded for each class. A single 
lamb takes lonqer to drain the udder than a set of twins. Twins, 
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sucking simultaneously, can drain the udder in less than 20 seconds. 
Since we recorded the ewe's behavior every 20 seconds, we usually 
recorded NR only once when twins nursed. Singles, however, take 
longer than 20 seconds, and when they nursed, we frequently 
recorded NR twice. Nursing was recorded 1.84 times as often for 
sample ewes with singles than it was for sample ewes with twins. 
A chi-square test showed that this difference was significant 
(P < 0.0001). The fact that 38 percent of the ewes with singles 
were yearlings may also have contributed somewhat to the difference. 
Yearling ewes have noticeably smaller udders and as a result might 
nurse their la mbs more often. Yearling ewes with singles nursed 
their lambs 1.13 times as often as older ewes with singles. A 
chi-square t est showed th at this difference was not significant 
(P > 0.50 ) . 
Ewes that had a lamb killed by 
coyotes comoared to other ewes 
Seven of the 43 sample ewes had a lamb killed by coyotes. All 
of the seven ewes were 6 years old and all had twins . In this 
section, the way in which these seven ewes (Group A ewes) 
proportioned their activity budget is compared to all other sample 
ewes (Group B ewes) and to other sample ewes of the same age 
(Group C ewes). 
All other sample ewes. The average amount of time sample ewes 
who had a lamb killed (Group A ewes) spent at each activity compared 
to all other sample ewes (Group B ewes) is presented in Table 8. 
Table 8. The average amount of time spent at each behavior as a proportion of the time spent at 
all behaviors by ewes that had a lamb killed compared to ewes whose lambs survived. 
Group A ewes are ewes that had one of their lambs killed. Group B ewes are ewes whose 
lambs survived. Group C ewes are ewes of the same age class as Group A ewes and whose 
lambs survived. See Table 7 for definitions of abbreviations. 
N INV AL GR WA ST LO SL ENC SC 
Group B 36 0.0446 0.0135 0.6036 0. 0969 0. 0721 0.1466 0.0123 0.0027 0.0077** Group A 7 0.0428 0.0177 0.6113 0. 1008 0.0833 0.1338 0.0048 0.0020 0.0037 
Group C 20 0.0494 0.0136 0.6250 0.1022 0.0653 0.1259 0.0098 0.0020 0.0068* Group A 7 0.0£126 0.0177 0.6113 0.1008 0.0833 0.1338 0.0048 0.0020 0.0037 
* P < 0.05 
** P < 0.01 
+'> 
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The amount of time spent at each activiity was remarkably similar 
between the two groups. A null hypothesis that the amount of time 
spent at an activity did not differ between ewes who had a lamb 
killed and those who did not could not be rejected at the 50 percent 
level or greater for six of the nine activities. Group A ewes did 
differ in sleeping and in self-care. Group A ewes slept less than 
Group B ewes (P < 0.10), but the total amount of time resting did 
not differ (P > 0.90). Group A ewes also spent less time in self-
care activities (P < 0.01). Grooming and urinating were recorded 
twice as often for Group B ewes as for Group A ewes. Horning was 
never recorded for Group A ewes, but was recorded 27 times for 
Group B ewes. 
Sampl e ewes of the same~· Since there were differences in 
how ewes proportioned the i r activity budget between age classes, I 
compared Group A ewes wit h ot her 5-6 year old sample ewes (Group C 
ewes). Again the amount of time spent at each activity was similar 
between the two groups (Table 8). Group A ewes differed from Group 
C ewes only in self-care (P < 0.05). The reason for the difference 
was the same as in the previous analysis. Group A ewes groomed 
and urinated less often than other ewes. 
Behavior before and after 
a lamb was killed 
The amount of time that Group A ewes proportioned to each 
activity before and after coyotes killed one of their lambs is 
presented in Table 9. A Kruskal-Wallis test showed that Group A 
ewes spent less time sleeping (P < 0.01) and investigating (P < 0.15) 
Table 9. The average amount of time spent at each behavior as a proportion of the time spent 
at all behaviors by ewes before and af t er one of their lambs was killed. See 
Before 
After 
* P < 0.01 
Table 7 for definitions of abbreviations. 
N 
7 
7 
INV AL GR WA ST LO SL ENC SC 
0.0472 0.0235 0.5790 0.1108 0.0574 0.1720 0.0066* 0.0026 0.0042 
0.0381 0.0120 0.6448 0.0927 0.1081 0.0966 0.0029 0.0014 0.0033 
+:> 
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after one of their lambs was killed than before it was killed. The 
Kruskal-Wallis test, however, does not properly reflect the actual 
pattern shown by the ewes. Although the average time spent 
investigating decreased for Group A ewes after one of their lambs 
was killed, three of the seven ewes actually increased the amount 
of time they investigated. Similarly, two ewes increased the 
amount of time they slept, two decreased, and three stayed the 
same. If the killing of a lamb had no effect upon a ewe's behavior, 
then there is a 50-50 chance that Group A ewes would show an 
increase or decrease in the amount of time they slept or investi-
gated after the lamb was killed (Siegel 1956). The probability 
that three of the seven ewes will increase their investigating time 
is 0.5 and that two will increase their sleeping time is 0.2. This 
implies t hat the ewes did not differ significantly and the observed 
changes happened by chance. 
Behavioral Differences Between Classes of Lambs 
Lambs changed the proportion of time they spent at various 
activities as they grew older. In order to show these changes and 
to detect differences in behavior which might have existed in 
sibling groups from which a lamb was killed, I arbitrarily divided 
the study into seven periods. The first period, April 24 to May 4, 
corresponds to the time from when the herd left the lambing sheds 
to when coyotes killed the first sample lamb. The second period 
runs from the end of the first period until the second sample lamb 
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was killed. The third through sixth periods follow this same 
pattern. The seventh period covers the time from when the seventh 
sample lamb was killed to when the lambs were weaned. 
Twins versus singles 
The amount of time twins and singles apportioned to each 
activity during each period is shown in Table 10. Except for the 
last two periods, single lambs consistently spent a greater 
proportion of their daily activity budget nursing than did twins. 
The difference between the proportions was significant for the first 
42 days (P < 0.05), nearly significant for the next 5 days 
(P < 0.10), but not significant (P > 0.15) thereafter. Summed over 
the entire 16-wk study, singles spent an average of 3.13 percent of 
their dai ly activity budget nursing, while twins only spent 1.81 
percent. 
Singl es also investi gated more than twins during the first 
five periods. The difference was nearly significant (P < 0.10) 
during Period III, but not significant (P > 0.15) in the other 
periods. 
Singles differed from twins fairly consistently in one other 
activity. The amount of time singles grazed averaged 24 percent 
less than that of twins for the first five periods. The 
difference was statistically significant (P < 0.01) only during 
the second period and nearly significant (P < 0.10) during the 
first and third periods. During the last 56 days, singles grazed 
about 7 percent more than twins. The amount of time twins and 
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Table 10. The average amount of time spent at each behavior by 
single and twin lambs as a proportion of the time 
spent at all behaviors during each time period and for 
the total 16 weeks. T = tv-Jins; S = singles. INV= 
investigating; NR = care soliciting; GR= grazing; 
Period : 
Sta rt: Apr 24 
End: May 4 
Twins: 55 
Singl es: 13 
Mean 
lNV T o. 0411 
s o. 0511 
NR T 0.0318° 
s 0.0755 
GR T 0.427 8 
s 0.3007 
SL T 0.0543 
s 0.0435 
ST T 0. 0450 
s 0.0395 
LO T 0.2607 
s 0. 3237 
WA T 0.1244 
s 0.14 07 
ENC T 0.004 0 .. 
s 0.0100 
PLY T 0.0006* 
s 0.0052 
SC T 0.0104 
s 0.01 01 
* P < 0.05 
•• P < 0.01 
SL= sleeping; ST= standing; LO= lying; WA= walking; 
ENC= encounters; PLY= playing; SC= self-care. 
II II I IV v VI VII 16 wks 
May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
May 17 June i June 9 June 20 July 24 Aug 15 Aug 15 
56 54 42 51 51 45 59 
13 12 7 12 12 12 13 
Mean Mean Mean Mean Mean Mean Mean 
0. 0441 0.0 362 0.0 539 0.0403 0.0178 0.011 2 0.0295 
0.0565 0. 0496 0 . 1019 0.0 415 0.0148 0.006 5 0.0310 
O.Olll4* 0.0168 .. 0 .0171 0. 0102 0 .0116 0. 0103 0 .0181 
0.0423 0.0320 0. 0272 0. 0199 0.0076 0. 0060 0.0313 
0.4 292"* 0. 4520 0.4 608 0.4542 0.5 955 0. 5 775 0.5 238 
0. 2541 0. 34:;4 0.4104 0.3787 0.6526 0 .6025 0.5 340 
0.0347 0.0 377 0. 0396 0.0127 0.0166 0.0851 0.0293 
0.0749 0.0 293 0.0313 0.0336 0.0 111 0.0120 0 . 0209 
0.1168 0.0 351 0.0 522 0. 04 34 0. 0456 0. 1029 0.0525 
0. 1210 o.o es 1 0. 0045 0.0333 0.0 316 0.0387 o. 0398 
0. 2 344 0.2791 0.2942 0. 32 70 0 . 1884 0.1840 0.2146 
0.3356 0. 3234 0.26 88 0. 3250 0 .1489 0.0900 0.1 886 
0.1072 0 .1209 0.0670 0 . 1077 0.1138 0 . 0982 0. 1177 
0. 0942 0.10 82 0.1 304 0.1 605 0.1 216 0.1 534 0. 1338 
o. 004 7 0.006 1 0 .0023 * 0. 0008 0.0 007 0.0 007 0.0 026 
0.0067 0.0088 0.0088 0.0017 0.0007 0. 0000 0.0 053 
0. 0020 0.0 059 0.01 02 0.0 003 0. 0015** 0.0006 0.0020 
0.0 027 0.0058 0.0 000 0.0000 0 .004 1 0.0 033 0.0049 
0.0 085 0.01 03 0.0027 0 .0034 0.0 086 0. 0087 0.01 00 
0.0 110 0.0075 0. 0168 0.0058 0. 0072 0. 0043 0.0104 
singles grazed differed by only 2 percent when summed over the 
16 weeks. 
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Singles differed from twins at the 0.05 level or less in two 
other activities. The amount of time singles spent interacting 
with other members of the herd during the year was twice that of 
twins, 0.0053 and 0.0026, respectively. This pattern was true for 
the first half of the study, but not the last half. The two 
classes differed during the first period (P < 0.01) and the fourth 
period (P < 0.05). The amount of time that singles and twins 
played did not show a consistent pattern but singles averaged more 
time playing during the 16 weeks (P < 0.10). 
Males versus females 
Male la mbs behaved s i milar to female lambs (Table 11). The 
average amount of time males spent at each activity during the 
16 weeks differed from females only in nursing and lying. Males 
nursed less than females (P < 0.05) and lay down slightly more 
(P < 0.15). These differences, however, were not consistent in 
each time period. Males nursed less than females in only four 
periods and more than females in three. None of the periods were 
significant (P < 0.05) and only Period III was nearly significant 
(P<0.10). 
Male lambs lay down more than female lambs in five periods 
and consistently more the last 56 days. The probability level for 
the last two periods were 0.10 and 0.01, respectively. Males stood 
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Table 11. The average amount of time spent at each behavior by male 
and female lambs as a proportion of the time spent at all 
behaviors during each time period and for the total 16 
weeks. M = male; F = female. See Table 10 for 
definitions of abbreviations. 
e~ri od : II III I_V v VI VI I 16 wks 
Sta.rt: Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
~nd: r;ay 4 May 17 June 4 June 9 June 20 July 24 Aug 15 Aug 15 
c.J 1 es : 33 35 34 26 32 32 28 35 
rec--Jles: 35 34 32 23 31 31 29 37 
Mean Mean Mean Mean Mean Mean Mean Mean 
rnv M 0.0528 0.0434 0.0 310 0.0553 0.0326 0.0177 0.0125 0.0309 
F 0.0338 0.049 5 0.0 468 o. 06 70 0.0487 0.0168 0.00 90 0. 0287 
f1K H 0. 0496 0.0221 0.0162 0.0 201 0.0141 0.0102 0.0 062 0.0135** 
F 0.0313 0.0237 0. 0231 0.0169 0.0100 o. 0114 0.0124 0.0270 
GR M o. 3777 0.4127 0.42 52 0.4121 0. 4502 0. 5640 0.53 86 0.5279 
F 0.4279 0 .37 92 0.4420 0.5 005 0. 4292 0 .650 1 0 .6254 0.5235 
s~ M 0.0254 0.0520 0.03 92 0.0 627 0 .0162 0.015 9 0 .0 130 0.0243 
F o. 0776 0.0323 0.03 29 0.01 09 0.0172 0.01 52 0.00 18 0.0311 
ST M 0.0537 * 0.1203 0.0457 0.04 96 0.0620 0. 0592* 0.0704 0.0513 
F o. 0348 0.114 8 0.0431 0.0 406 0.0202 0.0 261 0.1076 0.0492 
LO M 0.2 998 0.2403 0.2936 0.3038 0 .2850 0.2113 0.2503** 0.2257 
F 0.2472 0. 2675 0. 2803 0.275 5 0.3 695 0. 1495 0.0811 0. 1949 
.,,; M 0. 1231 0.0945 · 0. 1220 0.0799 0.13 60 0. 1103 0.0976 0.1122 
F 0.1316 0.1154 0. 1150 0.0716 0.09 89 0.1 204 . o. 1561 0.1286 
me M 0. 0045 0.0059 0 .0058 0.00 24 0.0006 0.0 009 o. 00!1 0.0026 
F 0. 0057 0.0042 0.0064 0.0040 0. 0013 0.0 005 0.0 000 0.0036 
p~y M 0. 0006 0.0022 0.0075 0 .01 19 0. 0000 0.0015 0.0021 0.0019 
F o. 0023 0. 0021 0.0041 0.0053 0.0005 0.0024 0.0002 0.0031 
SC M 0.0129 0.0 066 0.0130 0.0020 0.0032 0.0090 0.0082 0.0097 
F 0.0079 0. 0!13 0.0064 o. 0077 0.0046 0.0077 0.0074 0.0104 
* P < 0.05 
**P < 0.0 1 
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more than females during the first six periods. Two of the periods 
were significant (P < 0.05). Although a Kruskal-Wallis test did 
not show any difference (P > 0.25) between the sexes when times 
were averaged over the 16 weeks, the fact that males consistently 
spent more time standing might represent a pattern. The probability 
of males showing a greater proportion in 6 or 7 periods is only 
0.06 (Sign test). No other patterns or differences were evident 
between male and female lambs. 
Siblinq groups in which a lamb was 
killed compared to all other lambs 
Coyotes killed seven sample lambs. All seven were twins and 
each had a sibling that survived. These seven sets of twins are 
hereafter referred to as Group A lambs. All other sample lambs 
are refer red to as Group 8 lambs. When averaged over the 16 weeks , 
Group A lambs spent more t ime nursing (P < 0.15), more time in 
encounters (P < 0.02), and more time playing (P < 0.15) than Group 
8 lambs. The shorter time periods, however, do not show a pattern. 
Group A lambs nursed more than Group B lambs in four periods, but 
less in two (Table 12). The four periods represent 75 percent of 
the study. Group A lambs spent more time in encounters in two 
periods, but they only account for 39 percent of the study. The 
time spent by Group A lambs in encounters was nearly significant 
(P < 0.10) during Period VI. Group A lambs played more during 
two periods, representing 41 per~ent of the stud y. These data 
suggest that litters in which a lamb was killed might have nursed 
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Table 12. The average amount of time spent at each behavior as a 
proportion of the time spent at all behaviors by sibling 
groups from which a l amb was killed compared to other 
sample lambs during each time period and for the total 
16 weeks. Group A lambs equal sibling groups in which 
Per io d : 
Start : Apr 24 
End: May 4 
Group B: 55 
Group A: 13 
Mean 
INV B 0 .0455 
A 0.0 324 
NR B 0.040 7 
A 0.0 380 
GR B 0. 3885 
A 0.46 71 
SL B 0.0646* 
A 0 .0000 
ST B 0.0 450 
A 0. 0397 
LD B o. 2710 
A 0. 2800 
WA B 0 . 1296 
A 0 . 1184 
ENC B 0. 0038 
A 0.0 107 
PLY B 0.00 18 
A 0 .0000 
SC B 0. 0095 
A o. 0136 
* p < 0.05 
a lamb was killed. Group B lambs equal all other sample 
lambs. See Table 10 for definitions of abbreviations. 
II II I IV v VI VI I 16 wks 
May 4 May 17 June 4 June 9 June 20 July 24 . Apr 24 
May 17 June 4 June 9 Ju ne 20 Jul y 24 Aug 15 Aug 15 
57 54 46 53 55 51 58 
12 12 3 10 8 6 14 
Mean Mean Mean Mean Mean Mean Mean 
0 . 0428 0. 0379 0. 064 7 0.0406 0.01 79 0.010 7 0 .0296 
0. 0634 0.0421 0. 0000 0. 0401 0. 0125 0.0 062 0 .0304 
0. 0228 0 .0184 0. 0191 0 .0 113 0. 0105 0 . 0077 0.0 192 
0.0232 0.0 245 o. 0108 0.0160 0. 0131 0. 0238 0. 0256 
0.3985 0 .4545 0.4600 0. 4396 0.6176 0.5 875 0 . 5315 
0.3853 0.3 383 0.3555 0 .44 11 0 .5693 0 . 5426 0 .5012 
0. 0478 0.0346 0.0355 0 . 0188 0.0 175 0. 0070 0. 0283 
0 . 0164 0.0 ·129 0.0833 0. 0057 0. 0023 0. 0099 0.0 236 
0.1114 0 .0476 0. 0463 0 .045 1 0 .0458 0.0793* 0 .0546 
0.1472 0 .0299 0. 0323 0.0 220 0.023 1 0. 1745 0.0319 
0. 2584 0. 2811 0.2792 0.3216 0.17 55 0 .1 708 0.2062 
0 .23D 0.3143 0 .4651 0 .3535 0. 2177 0. 1080 0.2253 
L' 
0 . 1011 0 . 1022* 0 .0775 0 . 1178 0 . 1114 0.1277 0. 1165 
0 . 1221 0.1923 0.053 1 0. 1174 0.1419 0.1 245 0.1 377 
0. 0058 0. 0068 0.0034 0 . 0011 0.0005 0. 0006 0.0 025* 
0. 0014 0. 0055 0.0000 0.0 000 0.0 021 0.0 000 0 .0058 
0.0 019 0.0064 0. 0094 0 .0003 0 .00 13 0.00 11 0 .00 15 
0. 0035 0. 0035 0 .0000 0.0 000 0.0068 0.0014 0.0 068 
0.0 095 0.0104 0. 0050 0 .0038 0.0079 0.0076 0.0 096 
0.0 063 0. 0069 0.0000 0.0 043 0 .0113 0.0 092 0 .0 119 
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more than other lambs, but they probably did not differ from other 
lambs in terms of encounters or playing. 
Differences were also found between the two groups during a 
single time period in sleeping, walking, and standing (P < 0.05) 
and grazing (Period III: P < 0.10). However, none of these 
differences held for two or more time periods and probably occurred 
by chance. 
Siblings that were killed compared 
to siblings that survived 
The amount of time spent at each activity as a proportion of 
the time spent at all activities by sample lambs that were killed 
(Group D lambs) versus their surviving siblings (Group C lambs) is 
presented in Table 13. The time periods for June 4-9, June 9-
July 24, and July 24-August 15 are not shown because the sample 
size was too small to test. 
Group D lambs did not differ from Group C lambs at the 5 percent 
level in any of the four periods shown or when activities were 
averaged over the 16 weeks. They did differ in encounters in the 
second period and in standing for the year at the 10 percent level. 
The behavioral differences between these two groups were not 
quite as similar as Table 13 depicts. The two groups were 
different in the amount of time spent grazing and resting. Group D 
lambs on an average rested only 74 percent as much as Group C 
lambs. This difference was consistently reflected (Sign test: 
P = 0.06) in the amount of time spent lying down in each of the four 
Table 13. The average amount of time spent at each behavior as a 
proportion of the time spent at all behaviors during 
each time period and for the 16 weeks by sibling groups 
in which one of the lambs was killed. Group C lambs 
are siblings that survived; Group D lambs are siblings 
that were killed. See Table 10 for definitions of 
abbreviations. 
Period: I 
Sta rt: Apr 24 
End: May 4 
Group C: 7 
Group D: 6 
Mean 
INV C 0.0201 
D 0.0467 
NR C 0.0381 
D 0.0380 
GR C 0.4696 
D 0.4642 
SL C 0.0000 
D 0.0000 
ST C 0.00 82 
D 0.0765 
LO C 0.2941 
D 0.2636 
vlA C 0.1350 
D 0.0990 
ENC C 0. 0130 
D 0.0079 
PLY C 0.0000 
D 0.0000 
SC C 0.0219 
D 0.0040 
I I 
May 4 
May 17 
7 
5 
Mean 
0.0859 
0.0318 
0. 0187 
0.0295 
0.3642 
0.4148 
0. 0211 
0.0097 
0.1288 
0.1729 
0.2581 
0.1937 
0.1091 
0.1404 
0.0000 
0.0033 
0.0060 
0.0000 
0.0080 
0.0039 
I I I 
May 17 
June 4 
7 
5 
Mean 
0.0418 
0.0424 
0.0254 
0.0232 
0.3228 
0.3600 
0 . 0340 
0.0554 
0.0386 
0.0176 
0.3327 
0.2885 
0.1928 
0.1915 
0.0024 
0.00 98 
0.0031 
0.0041 
0.0065 
0.0074 
IV 
June 9 
June 20 
7 
3 
Mean 
0.0290 
0.0659 
0.0144 
0.0198 
0.4176 
0.4959 
0.0000 
0.0191 
0.0233 
0.0191 
0.4127 
0.2152 
0.0991 
0. 1600 
0.0000 
0.0000 
0.0000 
0.000 0 
0.0039 
0.0051 
16 wks 
Apr 24 
Aug 15 
7 
7 
Mean 
0.0274 
0.0333 
0.0266 
0.0246 
0.4720 
0.5303 
0.0106 
0.0367 
0. 0477 
0.0160 
0.2645 
0.1860 
0.1276 
0.1479 
0.0049 
0.0066 
0.0066 
0.0070 
0.0120 
0.0117 
54 
periods and for the year. Group D lambs grazed more than Group C 
lambs in three of the four periods and 12 percent more for the 
year. Group D lambs also investigated more (22 percent) and spent 
more time in encounters (35 percent) when averaged over the year. 
These data suggest that Group D lambs might have been somewhat 
more active during the day. 
55 
Distance Relationships Between Lambs and Ewes 
Whenever the sample lambs were within sight of the observer, 
their distance from the ewe was recorded as one of six categories: 
0-1.5 m (0-5 ft), 1.5-3.0 m (5-10 ft), 3.0-4.6 m (10-15 ft), 4.6-
7.6 m (15-25 ft), 7.6-15.2 m (25-50 ft), and over 15.2 m (50 ft). 
If they were not within sight, their location was recorded as 
unknown. Lambs were not within sight of the observer in 31 percent 
of the recordings. Among the remaining recordings, they were 
within 1.5 m of the ewe 56 percent of the time, within 1.5-3.0 m 
20 percent of the time, between 3.0-4.6 m 12 percent, and between 
4.6 - 7.6 m away another 6 percent. Only 6 percent of the time that 
locations of both the ewe and her lambs were known were the lambs 
more than 7.6 m away. At-test was used to analyze arcsin 
transformations of the proportion data shown in this section. 
Twins versus singles 
The amount of time that twins and singles spent in each 
distance zone during each period and for the entire study are 
presented in Table 14. T\1/ins spent less time during the 16 weeks 
Table 14. The average amount of time that single and twin lambs spent in each distance zone around 
the ewe as a proportion of the total amount of time spent in all zones when the lambs 
were within sight of the observer. To save space, decimal points are omitted. T = twins; 
S = singles. 
Period : I II II I IV v VI VI I 16 wks 
Start: Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
End: · May 4 May 17 J une 4 June 9 June 20 July 24 Aug 15 Aug 15 
Twins: 55 56 54 42 51 51 45 59 
Singles: 13 13 12 7 12 12 12 13 
Zone Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
0- 1.5 T 4687 249 4870 184 5681 162 51GO 381 6526 226 5963 153 5564 247 5420 152 
s 5077 178 4875 239 6218 201 7418 334 6173 193 6287 176 6308 265 6282 121 
1.5- 3.0 T . 2175 168 1881 089 2054 095 1633 238 1545 132 2056 076 2281 190 2032 062 
s 1806 089 1646 082 1499 068 0533 054 1733 145 1800 073 1336 086 1955 054 
3.0- 4.6 T 1313 096 0193 114 1098 053 1420 183 1094 116 1163 090 0971 075 1204 064 
s 1596 092 1225 079 1227 093 0492 047 1167 091 0928 064 0864 072 1051 065 
4.6- 7.6 T 0750 084 0918 068 0619 073 0906* 169 0555 144 0445 050 0823 160 0644 055 
s 0800 093 1083 087 0480 043 0129 023 0335 057 0632 077 0734 120 0459 059 
7.6-15.2 T 0437 092 0429 046 0271 040 014 7 037 0133 029 0175 035 0211 038 0352 056 
s 0277 046 0385 034 0303 044 0000 000 0190 040 0195 047 0500 128 0114 031 
15.2+ T 0638 168 0309 046 0278 050 0733 260 0148 051 0198 055 0150 060 0349 066 
s 0440 066 0787 108 0274 037 1429 378 0402 102 0159 037 0258 048 0139 028 
* P < 0.05 
U1 
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in the 0-1.5 m zone than did singles (P < 0.06). Although none of 
the shorter time periods individually showed a similar significance, 
the twins' proportion was less than that of singles in all periods 
except one. The pattern was nearly significant (Sign test: P = 
0.06). In the 1.5-3.0 m zone the pattern was reversed but also 
nearly significant (Sign test: P = 0.06). The pattern of singles 
appearing more frequently in the 0-1.5 m zone results from the 
following behavior of lambs and the arbitrary size of the zones. 
When ewes grazed or walked, their lambs grazed or walked behind 
them. If the ewe had twins, the spacing of the lambs was such 
that frequently one twin was in the 0-1.5 m zone and the other was 
in the 1.5-3.0 m zone. 
Twins and singles were also different during Period IV in the 
4.6-7.6 m zone (P < 0.05) and for the 16-wk average in the 7.6-
15.2 m zone (P < 0.06). However, neither of these differences 
represents a consistent pattern. 
Males versus females 
Male and female lambs reversed their distance relationships 
with their dams between the first and second half of the study. 
During the first 58 days, males had a tendency to be farther from 
ewes than did females. Males were recorded in the 0-1.5 m and 
1.5- 3.0 m zones less than females in four of the first five 
periods (Table 15). On the other hand, males spent more time 
3.0-4.6 m from their dams in three of the five periods and more 
time 4.6-7.6 m from their dams in four periods. The difference 
Table 15. The average amount of time that male and female lambs spent in each distance zone around 
the ewe as a proportion of the total amount of time spent in all zones when the lambs 
were within sight of the observer. To save space, decimal points are omitted. M = male; 
F = female. 
Period: I I I I II IV v VI VII 16 wks 
Start: Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
End: May 4 May 17 June 4 June 9 June 20 July 24 Aug 15 Aug 15 
Males: 33 35 34 24 32 32 28 35 
Females: 35 34 32 25 31 31 29 37 
Zone Mean SD Mean so Mean so Mean so Mean SD Mean so Mean so Mean so 
0- 1. 5 M 4492 213 4958 212 566 7 187 5628 191 6411 220 6444* 133 5902 246 5969* 129 
F 5012 256' 4 781 175 5896 155 6006 140 6509 223 5591 169 5545 257 5203 160 
1.5- 3.0 M 1874 124 1835 101 1!392 091 1785 098 1541 130 1917 069 2238 202 1972 055 
F 2321 180 1838 074 2017 096 1922 087 1622 140 2102 081 1932 151 2062 065 
3.0- 4.6 M 1397 094 1648 120 0974 046 0957 050 1152 119 0752** 053 0916 071 0931** 042 
F 1339 097 1396 095 1279 072 1376 075 1061 104 1497 097 0980 078 1409 073 
4.6- 7 .6 M 0993** 078 0893 076 0752 082 0823 088 0615 177 0388 048 0438* 055 0513 050 
F 0540 087 1006 067 0425 046 0407 044 0407 059 0577 062 1159 201 0702 060 
7.6-15.2 M 0687 113 0361 039 0387 052 0414 055 0109 026 0227 045 0270 045 0340 052 
F 0142 030 0482 048 0159 018 0129 017 0180 036 0129 027 0273 084 0279 055 
15.2+ M 0556 153 0304 054 0327 054 0393 060 0172 062 0273 065 0236 076 0275 061 
F 0643 156 0497 072 0224 040 0161 028 0221 066 0105 031 0111 031 0345 061 
* P < 0.05 
**P < 0.01 
<J1 
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between males and females in this latter zone was significant for 
Period I (P < 0.01) and nearly significant for Period III (P < 
0.10). During the last two periods, which represent 49 percent 
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of the study, males spent more time within 1.5 m of their dams than 
did females. The difference was significant during Period VI 
(P < 0.05). Males were recorded less often 3.0-7.6 m from the ewe 
in both of the last two periods than were females. Males spent 
less time 3.0-4.6 m from their dams than females in Period VI 
(P < 0.01) and less time in the 4.6-7.6 m zone in Period VII 
(P < 0.05). 
The distance relationships that male and female lambs 
maintained with their dams when averaged over the entire study 
reflects the pattern duri ng the last 56 days. Males were within 
1.5 m of t hei r dams more t han females (P < 0.05), but less often 
in the 3. 0-4.6 m zone (P < 0.01) and less in the 4.6-7.6 zone 
(P < 0.11). 
Sibling groups in which a lamb was 
killed compared to all other lambs 
When sibling groups that had one of the lambs killed by 
coyotes (Group A) were with their dams, they were within 3 m of 
her only 68 percent of the time compared to 78 percent for other 
lambs (Group B). In contrast, Group A lambs were more than 3 m 
from their dams 45 percent as often as Group B lambs. Group A 
lambs spent more time 4.6-7.6 m from the ewe than Group B lambs 
(P < 0.01) and more time in the 7.6-15.2 m zone (P < 0.07) when 
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averaged over the 16 weeks (Table 16). 
The shorter time periods generally reflect the 16-wk average. 
The amount of time that Group A lambs spent in the 0-1.5 m zone 
was less than that of Group B lambs in five of the seven periods 
and was significantly less for Period I (P < 0.05) . Group A lambs 
spent more time 1.5-3.0 m from the ewe in four of the first five 
periods, but less time during the last two periods (P < 0.10). For 
the 4.6-7.6 m and 7.6-15.2 m zones, Group A lambs' proportion was 
greater in 10 of the 14 possible combinations. Five of these 10 
combinations differed at the 15 percent or less level. These data 
suggest that sibling groups which had one of the lambs killed by 
coyotes had a tendency to be farther from their dams during daily 
activities than did other sample lambs. 
Siblings t hat were killed compared 
to siblin gs th at survived 
If sibling groups which had a lamb killed had a tendency to 
be farther from their dams than other sample lambs, the next question 
is whether there 1vas a difference between lambs within the sibling 
groups. There were no differences detected (Table 17). Siblings 
that survived (Group C) were remarkably similar to siblings that 
were killed (Group D). The amount of ti me that Group C and Group D 
lambs spent in each distance zone did not differ from each other at 
the 10 percent or less level during any of the time periods or when 
averaged over the 16 weeks. 
Table 16. 
Peri od: 
Sta rt: 
End: 
Group B: 
Group A: 
Zone 
0- 1. 5 B 
A 
1.5- 3.0 B 
A 
3.0- 4.6 B 
A 
4.6- 7.6 B 
A 
7.6-15.2 B 
A 
15.2+ B 
A 
* P < 0.05 
**P < 0.01 
The average amount of time that Group A and Group B lambs spent in each 
around the ewe as a proportion of the total amount of time spent in all 
the lambs were within sight of the observer. Group A lambs are sibling 
which one of the lambs was killed. Group B lambs are all other lambs. 
decimal points are omitted. A= Group A; B = Group B. 
I II I II IV v VI 
Apr 24 May 4 May 17 June 4 June 9 June 20 
May 4 May 17 June 4 June 9 June 20 July 24 
55 57 54 46 53 55 
13 12 12 3 10 8 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
5005* 237 4980 191 5795 154 5761 161 654 7 232 6065 134 
3733 211 4353 208 5704 234 6732 253 5995 132 574 7 278 
2001 124 1829 087 1960 093 1874 092 1566 142 2061 072 
2542 253 1873 099 1922 097 1560 115 1659 083 1638 091 
1381 oo-, I 1405* 096 1170 061 1181 064 1099 114 1104 083 
1309 091 2088 146 0907 062 1012 121 1152 103 1221 109 
0667 074 0963 075 0561 069 0626 073 0502 142 0418* 050 
1150 118 0882 057 0742 068 0381 046 0572 066 0914 070 
0443 094 0375 040 0249 042 0268 044 0103* 028 0168 037 
0252 028 0640 055 0399 034 0286 014 0356 043 0255 039 
0504 139 0448 068 0266 045 0291 048 0183 067 0185 052 
1014 205 0165 030 0327 060 0030 005 0265 035 0226 051 
distance zone 
zones when 
groups in 
To save space, 
VI I 16 wks 
July 24 Apr 24 
Aug 15 Aug 15 
51 58 
6 14 
Mean SD Mean 
5717 253 5740 
5749 250 4893 
2222** 181 2038 
0896 057 1933 
0919 OH 1141 
1198 073 1327 
SD 
132 
200 
059 
069 
060 
080 
0721 152 0508** 049 
1515 136 1035 061 
0262 070 0282 057 
0354 035 0418 036 
0159 049 0291 061 
0287 046 0393 061 
O'I 
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Table 17. The average amount of time that Group C and Group D lambs spent in each distance zone 
around the ewe as a proportion of the total amount of time spent in all zones when 
the lambs were within sight of the observer. Group C lambs are the siblings that 
survived. Group D lambs are the siblings that were killed. To save space, decimal 
points are omitted. C = Group C; D = Group 0. 
Period: I I I I II v 16 wks 
Sta rt: Apr 24 May 4 May 17 June 9 Apr 24 
End: May 4 May 17 June 4 June 20 Aug 15 
Group C: 7 7 7 7 7 
Group D: 6 5 5 3 7 
Zone Mean SD Mean SD Mean SD Mean SD Mean SD 
0- 1. 5 c 4422 199 4755 186 5493 223 5820 119. 5347 215 
D 2929 213 3789 245 5999 273 6403 178 4439 191 
1. 5- 3. 0 c 1504 111 1679 105 1997 094 1705 099 1734 081 
D 3754 326 2144 093 1816 113 1552 037 2131 053 
3.0- 4.6 c 1265 110 1659 055 0996 073 1298 121 1305 091 
D 1360 072 2687 215 0781 046 0813 034 1349 074 
4. 6- 7. 6 c 1037 130 1006 065 0711 058 0648 073 1084 062 
D 1281 112 0708 045 0784 087 0395 056 0986 065 
7.6-15.2 c 0308 030 0759 060 0399 034 0269 034 0316 033 
D 0188 025 0474 049 0400 040 0560 064 0520 040 
15.2+ c 1464 258 0142 035 0404 069 0260 033 0213 045 
D 0488 119 0192 025 0220 049 0278 048 0574 073 
O'I 
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Location unknown 
Twins, as a class, were separated from their dams more often 
than singles. Averaged over the 16 weeks, twins were absent 
32 percent of the time compared to 28 percent for singles. The 
analysis within each time period conforms to that general pattern. 
Twins were absent more frequently in five of the seven periods. 
The difference between twins and singles was significant during 
Periods I and VII (P < 0.01) and nearly significant during Period 
II (P < 0.15). The difference between twins and singles resulted 
from one twin being absent during an observation period, not 
necessarily both twins. 
Males were absent from the ewe less often than females 
during every time period and when averaged over the 16 weeks 
(Table 18: P < 0.05) as well. The probability of males showing a 
lower per cent age in each of the seven time periods is less than 
0.01 (Sign test). The difference in proportions between males and 
females was significant during Period VI (P < 0.01) and nearly 
significant in Periods III, IV, V and VII (P < 0.15). 
Group A lambs were similar to Group B lambs in the amount 
of time they were absent. The 16-wk averages were only one 
per centage point apart. The similarity in the 16-wk averages was 
reflected in the inconsistent pattern shown in the shorter time 
periods. 
Lambs in Groups C and D also did not show any significant 
differences (P < 0.05) between them during any of the periods. 
Table 18. The average proportion of time that various classes of lambs were not within sight of the 
observer during observation periods. Group A lambs are sibling groups in which one of 
the la mbs was killed. Group B lambs are all other lambs. Group C lambs are the siblings 
that survived; Group D lambs are the siblings that were killed. To save space, decimal 
points are omitted. 
Twins Mal es Group B Group C 
ver sus ver sus versus ver sus 
Start- sin gles females Group A Group D 
Period end N Mean SD N Mean SD N Mean SD N Mean SD 
Apr 24- 59 3560** 308 35 3170 287 58 2851* 287 7 4392 248 
May 4 13 1693 159 37 3273 307 14 4 760 289 7 5128 341 
II May 4- . 58 2997 277 35 234 7 255 58 2653 272 7 3150 175 
May 17 13 1946 236 36 3250 283 13 3481 269 6 3866 365 
I I I May 17- 57 26:18 247 35 2336 213 58 2873 268 7 2574 151 
June 4 13 3498 268 35 3259 280 12 2433 146 5 2236 155 
IV June 4- 47 2111 343 27 1446 252 51 2096 34 7 
June 9 8 2839 438 28 2960 423 4 3750 479 
v June 9- 55 2485 310 34 1898 298 58 2584 315 7 1525 217 
June 20 13 1848 279 34 2828 307 10 1081 191 3 0047 008 
VI June 20 53 3198 274 32 2091** 205 57 3245 280 
July 24 12 2747 266 33 4108 292 8 2187 182 
VII July 24 52 4404** 357 31 3140 339 57 3846 370 
Aug 15 12 1632 289 33 4583 368 7 4196 317 
16 wks Apr 24- 59 3188 208 35 2531* 176 58 3182 226 7 2492 125 
Aug 15 13 2824 220 37 3682 225 14 3263 117 7 2878 123 
* P < 0.05 
**P < 0.01 
O'I 
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However, the difference between the two groups was nearly signifi-
cant (P < 0.15) during Period V. 
The results of this section show that male lambs were 
significantly different from females in the amount of time they were 
not within sight of the observer. Twins also tended to be absent 
more often than singles. In terms of the amount of time they were 
absent, lambs killed by coyotes as well as their siblings were not 
different from other sample lambs. 
Orientation Between Ewes and Lambs 
The area around each sample ewe was originally divided into 
12 zones resembling the face of a clock with the ewe as the 
center. These 12 zones were later combined into a front, rear, 
right, and le ft zone. At-test was used to analyze the arcsin 
transfor mat i ons of the proportion of time that various classes 
of lambs spent in each of these orientation zones. 
Twins versus singles 
Lambs are followers. They were behind the ewe 43 percent of 
the time, on either side of her 37 percent of the time, and in 
front of the ewe only 20 percent of the time (Table 19). Twins 
did not differ appreciably from singles in this respect. Although 
twins differed statistically from singles in four time periods, 
the difference between singles and twins was not consistent. 
Table 19. The average proportion of time that twin and single lambs spent in front of, behind, and 
on the right or left side of their dams. To save space, decimal points are omitted. 
T = twins; S = singles. 
Period: I I I I I I IV v VI VII 16 wks 
Start: Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
End: Moy 4 May 17 June 4 June 9 June 20 July 24 . Aug 15 Aug 15 
Twins: 55 56 54 42 51 51 45 59 
Singles: 13 13 12 7 12 12 12 13 
Zone Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
Front T 1354** 089 1830 116 2029 095 2350 221 1694* 163 2103 087 2221 14 7 1888 068 
s 2850 190 1634 106 2069 126 2311 346 3096 184 2184 127 2905 240 2291 111 
Right T 1378 106 1914 113 1983 118 1564 183 2383 178 1842 090 1739 145 1762 082 
s 1556 097 2151 115 1925 120 2622 256 1622 138 1865 084 1366 107 1673 070 
Rear . T 5347 197 4226 141 3887 137 2523 217 3573 189 3859 122 4107. 236 4359 098 
s 4086 107 3999 198 3292 122 4270 298 3913 180 3737 119 3316 126 4107 080 
Left T 1922 125 2030 162 2102* 092 3564** 317 2349 196 2196 086 1932 131 1991 071 
s 1508 069 2216 146 2714 135 0797 106 1369 113 2214 084 2412 136 1929 078 
* P < 0.05 
**P < 0.01 
0) 
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Males versus females 
The proportion of time (Table 20) that males spent on the 
right side of the ewe was more than that of females when averaged 
over the 16 weeks (P < 0.07). This difference, however, was 
consistent only during the last half of the study. To determine 
more precisely what happened, I reanalyzed the data using a 
right-side, right-rear, and rear zone. The results showed that 
males were in the right-side zone less often than were females 
in four of the first five periods, but were in the same zone more 
during the last half of the study. The same pattern was true for 
the right-rear zone. In contrast males were in the rear zone 
more tha n females during all of the first five periods, but less 
than female s during the l as t 56 days. These results suggest tha t , 
initiall y , male lambs were more directly behind the ewe than 
females, but during the l ast half of the study females were more 
directly behind the ewe. Males did not differ from females in 
their patterns or proportions in any of the other orientation 
zones. 
Sibling groups in which a lamb was 
killed compared to all other lambs 
Group A lambs did not differ from Group B lambs for the 16-wk 
average, but they did show different patterns (Table 21). The 
amount of time that Group A lambs spent in front of the ewe was 
less in five periods, significantly more in Period III (P < 0.01), 
and the same in Period IV. Group A's proportion was nearly 
Table 20. The average proportion of time that male and female lambs spent in front of, behind, and 
on the right or left side of their dams. To save space, decimal points are omitted. 
M = male; F = female. 
Period: I II II I IV v VI VI I 16 wks 
Start: , Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 Apr 24 
End: May 4 May 17 June 4 June 9 June 20 July 24 Aug 15 Aug 15 
Mal es: 33 35 34 26 32 32 28 35 
Ferna l es: 35 34 32 23 31 31 29 37 
Zone Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
Front M 1609 096 1729 083 2015 103 2259 159 1628 143 2091 102 2549 129 2067 087 
F 1669 154 1859 139 2059 099 2441 307 2305 199 2147 088 2188 203 1858 071 
Right M 1282 097 1982 113 1936 114 2160* 196 1933 151 2190** 089 1808 142 1925 079 
F 1534 111 1935 115 2010 123 1212 186 2554 190 1492 072 1519 135 1617 077 
Rear M 5219 187 4132 144 3816 141 2978 224 4297*,* 190 3686 114 3712 220 4055 086 
F 5000 195 4235 162 3738 131 2539 249 2958 157 3990 128 4161 220 4388 096 
Left M 1890 125 2158 186 2232 110 2603 285 2142 151 2032 076 1930 132 1953 073 
F 1797 110 1970 125 2193 096 3809 332 2184 220 2372 092 2133 134 2137 101 
* P < 0.05 
**P < 0.01 
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Table 21. The average proportion of time that Group A and Group B lambs spent in front of, 
behind, and on the ri ght or left side of their dams. To save space, decimal 
points are omitted. Group A lambs are sibling groups in which one of the l ambs 
was kill ed. Group B lambs are all other lambs. A= Group A lambs; B = Group B 
lambs. 
Period: I I I I II IV v . VI VII 
Start: Apr 24 May 4 May 17 June 4 June 9 June 20 July 24 
End: May 4 May 17 June 4 June 9 June 20 July 24 . Aug 15 
Group B: 55 57 54 46 53 55 51 
Group A: 13 12 12 3 10 8 6 
Zone Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
Front B 1749 136 1821 117 1901** 100 2344 241 2059 184 2189 088 2441 179 
A 1183 071 1660 100 2643 076 234 7 220 1·14 3 104 1632 113 1719 096 
Right B 1436 097 1960 107 2071 122 1694 201 2195 170 1925 089 1736 143 
A 1308 136 1953 144 1527 086 2042 089 2470 195 1305 051 1022 098 
Rear B 4982 170 4046 152 3899 140 2737 241 3589 184 3713* 096 3781* 143 
A 5632 260 4925 133 3239 100 3403 094 3896 203 4679 107 5294 167 
Left B 1834 117 2193 166 2129 103 3231 319 2157 194 2172 089 2042 129 
A. 1878 121 1461 100 2591 097 2208 140 2191 147 2385 088 1965 149 
* P < 0.05 
**P < 0.01 
16 wks 
Apr 24 
Aug 15 
58 
14 
Mean SD 
1979 079 
1879 081 
1811 075 
1584 092 
4232 093 
4203 092 
1979 087 
2334 092 
0) 
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significantly less than that of Group B's in Periods I and VI 
(P < 0.10). More important, however, is that the pattern is nearly 
significant (Sign test: P = 0.11). Group A lambs were behind 
the ewe more than Group B lambs in six of the seven periods (Sign 
test: P = 0.06). The difference between Group A and Bis 
significant in the last two periods (P < 0.05). These data 
suggest that sibling groups in which a lamb was killed were more 
often behind their dams and less often in front of their dams than 
were the other sample lambs. 
Siblings that were killed compared 
to siblings that survived 
The amount of time t hat Group C and D lambs spent in front 
of, behind, or on the si de of their dams is presented in Table 22. 
Group C and D lambs did not differ for the 16 weeks, nor did they 
show any consistent ten dencie s of bein g different during the 
shorter time periods. 
Social Organization 
Pairwise associations 
If a ewe does not form and maintain an association with 
another ewe, then the frequency that she is observed with other 
ewes is binomially distributed. Alternately, if ewes do form and 
maintain pairwise associations, it is reasonable to assume that 
the frequency with which a ewe is observed with another ewe through 
time will differ from the hypothetical. 
Table 22. 
Period: 
Start: 
End: 
Group C: 
Group D: 
Zone 
Front c 
D 
Right c 
D 
Rear c 
D 
Left c 
D 
The average proportion of time that Group C and Group D lambs spent in front of, behind, 
and on the right or left side of their dams. Group C lambs are the siblings that 
survived. Group D lambs are the siblings that were killed. To save space, decimal 
points are omitted. C = Group C lambs; D = Group D lambs. 
I II I II v 16 wks 
Apr 24 May 4 May 17 June 9 Apr 24 
May 4 May 17 June 4 June 20 Aug 15 
7 7 7 7 7 
6 5 5 3 7 
Mean SD Mean SD Mean SD Mean SD Mean SD 
1153 056 1422 079 2609 068 1646 111 1953 075 
1217 091 1994 126 2692 094 0971 082 1804 091 
1727 170 2260 173 1482 102 2605 232 1404 045 
0819 066 1524 093 1590 068 2156 088 1764 125 
4863 252 4754 145 3456 097 3527 225 4427 089 
6587 256 5166 125 2934 108 4757 133 3980 096 
2307 116 1565 113 2453 092 2223 143 2216 103 
1377 116 1316 089 2785 111 2117 189 2452 086 
'-J 
...... 
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To determine if pairwise associations were formed, I recorded 
the identities of the five neighbors nearest to each of the 43 
sample ewes 30-34 times (x = 32.44, S.D. = 0.54) over an 11-wk 
period. The observed frequencies were tested against the 
hypothetical with a chi-square goodness-of-fit test. The results 
of the test showed that the observed frequencies did not differ 
from the hypothetical (P > 0. 75). These data strongly infer that 
the sample ewes did not form and maintain pairwise associations. 
Age associations 
Although adult ewes did not form pairwise associations, 
there appeared to be some age and genotype associations within the 
herd. This seemed especially apparent among yearlings. Age 
associations were analyzed in a manner similar to pairwise 
associations (Table 23). An examination of the observed and 
expected values and the results of each goodness-of-fit test 
suggest that yearling ewes associated with each other; ewes 2-4 
years of age had a tendency to associate with others 2-4 years of 
age and with yearlings, and the older ewes probably did not form 
age associations. 
Four of the seven sample yearling ewes associated with other 
yearlings more than expected by chance (P < 0.05), but three did 
not. Is this a random fluctuation within the class or does it 
represent two populations? Snedecor (1956) provides a hetero-
geneity chi-square that measures the inconsistency of sample 
Table 23. The number of times sample ewes VJere observed with other ewes of the same or different age. 
Year I lriy, l-4 YeHS uld ~-b Years old 
x2 x2 x2 
Tot.JI (.,,e A~e [xp~cted Observed Expecte d Obse rved Expected Observed Goodr1c;s -uf-f1t 
11'1~ 1 71. 7 )2 7. 'J I 2'1. ~ 24 1.02 JI)(,. u l Q,1 0.01 ~ . Ull 
14 9C 1 24.4 36 5. 51 30.4 43 5.2 2 110. 2 86 5.31 16.04° * 
452C 1 2 J. 7 21 o. 31 29.5 38 2. 4 5 106. 8 JOI 0.31 · 3. 07 
5B2C 1 24.4 39 8.73 30.4 35 0.69 110.2 91 3.35 12. 77° 
625C 1 24. 4 37 6. 50 30.4 34 0 :43 110.2 94 2.30 9.31* 
~?' ,( I 74.4 )1 3.n3 30.4 34 o. 4 3 110. 2 90 1. 35 4.n! 
7?.JC I 22.9 37 8.68 28.6 32 O. JI 103.5 86 2.96 11.95 .. 
11635 2 24.4 34 3. 78 30.4 49 11. 38 110. 2 82 7.22 22. 38 ... 
M?.30 J 24.4 30 I. 29 JO. 4 35 0.70 110.2 100 o. 94 2.93 
MJ00 J 2 3. 7 35 5. 39 29.5 43 6. 18 106.8 02 5.76 ]7 , JJ+H 
M350 3 2 J. 7 30 I. 67 29.5 25 0. 69 106.8 105 0.03 2.39 
M}?,4 3 24.4 30 1.29 30.4 42 4.43 110.2 93 2.68 8. 40* 
11029 4 23. 7 30 J .67 29.5 28 0.08 106. 8 102 o. 22 1. 97 
31\ 5 24.4 17 2.24 30. 4 34 0. 4 3 110. 2 114 0. 13 2.~o 
74 5 23. 7 19 0.9 3 29.5 30 0 .0 1 106.8 111 0.17 I. 11 
12 7 5 2 3. 7 15 3. I 9 29.5 43 6. 10 106. 8 102 0.22 9.59 .. 
0 (1')1) 6 24.4 17 2. 24 30. 4 30 0.0 1 110. 2 118 o. 55 2.80 
7rJB 6 24.4 18 I. 60 30. 4 23 1. 00 110. 2 124 I. 7 3 5. 21 
9)0 6 23.7 19 0.93 29.5 24 1 .03 106.8 117 0.97 2.93 
l4~a 6 23. 7 15 3.19 29.5 24 1.03 106. 8 121 I. 89 6 .1 1 • 
322 6 24.4 19 1. 20 30.4 33 0. 22 I 10.2 113 0.07 I. 49 
5r,J 6 24.4 16 2.09 30.4 27 o. 38 110. 2 117 0. 42 J.69 
. ]'.J1 6 24.4 n 0.28 30.4 38 1. 90 110.2 100 0.94 3. 12 
7? ;,~ 6 21. 1 13 4.R3 29.5 30 0.0\ 1[)(, . (l po • < 2. 1 G l. no• 
') !?2 6 2 3. 7 21 O.JI 29.5 23 I. 4 3 lOG.8 116 o. 79 2.53 
9126 6 24.4 28 0.53 30. 4 28 o. 19 110. 2 104 0.3 5 1. 07 
~111 6 25.2 JS 4. 13 31. 3 17 6.53 l lJ . 5 IJ8 5.2 9 15.95 ... 
114) 6 24.4 24 0.01 J0.4 31 0.01 110. 2 110 0.00 0.02 
9 !':•) 6 23.7 20 0.51) 29.5 23 !. 4 3 106.8 117 0.97 2.98 
~1"1 6 22.2 19 9. •16 27.G 23 0 . 77 100.2 101 0.01 1.24 
ry 1 S 7 6 2 3. 7 27 0. 46 29.S 26 0. 42 lOG.8 107 0.00 0.8 8 
91~?, 6 24. 4 33 3.03 30. 4 26 O.G4 110.2 106 0.16 3.83 
91)6 6 24.4 17 2.24 30. 4 18 5. 06 110.2 130 3. 56 10. P6 .. 
9<25 6 24.4 26 0.10 30. 4 20 3. 56 110.2 119 o. 70 4. 36 
q2s1 6 24.4 36 5. 51 JO. 4 24 1. 35 1 JO. 2 105 0.25 7. 11 • 
925, 6 23. 7 24 0.00 29.5 21 2.45 106.8 104 0.07 2.52 
9?"5 6 24. 4 15 ) . 62 30. 4 35 o. 70 110. 2 115 0.21 4.5) 
'j? :;?, 6 22. 9 19 O.G6 28.6 20 2.59 103.5 116 1. 51 4. 76 
9316 6 2 J . 7 19 0.93 29.5 23 !. 43 106. 8 118 1. 17 J.53 
9347 6 23. 7 25 0.07 29.5 18 4.48 106. 8 117 0.97 5.52 
/))1?, 6 24.4 21 0.4 7 30. 4 20 3.56 l 10.2 124 1. 73 5.76 
9)F,I) 6 24.4 16 2. 89 30. 4 20 0.19 110.2 121 1.06 4. 14 
-...J 
94H 6 2 3. 7 23 0.02 29.5 26 0.04 106.8 111 0.17 0 .6 1 w 
•p < 0.05; ••p < 0.01; •••p < 0.0001 
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oscillations above and below the hypothetical ratio. To obtain a 
clearer picture of age associations suggested by Table 23, I 
subjected the data to heterogeneity test. The contributions to 
the total goodness-of-fit score (Table 24) suggest that yearling 
? 
ewes were observed together more than expected by chance (x- = 
35.67, P < 0.001, df = 5) and were reasonably consistent in this 
respect (heterogeneity= 8.85, P < 0.10, df = 4). Yearling ewes 
were observed with ewes 2-4 years of age slightly more than 
expected (X2 = 10.55, P < 0.10, df = 5) and with 5-6 year old ewes 
less than expected (X2 = 15.73, P< 0.01, df = 5). The hetero-
geneity scores, however, indicate that yearling ewes were 
inconsistent in their associations with older ewes. These results 
suggest that yearling ewes avoided ewes 5-6 years of age and as a 
res ult associated more with each other or with ewes 2-4 yea rs of 
age. 
Sample ewes 2-4 years of age associated with yearlings (X2 = 
15.09, P < 0.01, df = 4) and with other ewes of their same age 
(X2 = 23.46, P < 0.001, df = 4). As a class, the associations 
were stronger with yearlings (heterogeneity= 1.24, P > 0.07, 
df = 3) than they were with ewes of the same age (heterogeneity= 
13.50, P < 0.01, df = 3). Ewes 2-4 years of age show a lack of 
association with ewes 5-6 years old (X2 = 16.85, P < 0.01, df = 4: 
heterogeneity= 5.22, P > 0.10, df = 3). 
with 
olds 
The oldest ewes in the herd, 5-6 year olds, were not observed 
yearlings (X2 = 49.62, P < 0.001, df = 20) or with 2-4 year 
2 (X = 50.21, P < 0.001, df = 20) as often as expected. The 
Table 24. Heterogeneity scores for age associations between sample ewes and other ewes in the herd. 
Degrees Age class Total 
of chi-
freedom 1 2-4 5-6 square 
Yearlin~ 
Sum of 7 Goodness-of-fit tests 14 35.67 10.55 15.73 61. 95** 
Pooled Goodness-of-fit 2 26.82 4.53 12.65 44.00** 
Heterogeneity 12 8.85 6.02 3.08 17.95 
2-4 years old 
Sum of 6 Goodness-of-fit tests 12 15. 09 23.46 16.85 55.40** 
Pooled Goodness-of-fit 2 13.85 9.96 11. 63 35.44** 
Heterogeneity 10 1. 24 13.50 5.22 19. 96* 
5-6 years old 
Sum of 30 Goodness-of-fit tests 60 49.62 50.21 28.22 128.05** 
Pooled Goodness-of-fit 2 13 .24 21.45 10 .62 45.31** 
Heterogeneity 58 36.38 28.76 17 .60 82.74* 
* P < 0.05 
**P < 0.01 
-...J 
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heterogeneity scores, however, suggest that as a class this ~'las 
variable (P < 0.01). Although sample ewes 5-6 years of age were 
not observed with younger ewes as often as expected, they were 
not observed with other 5-6 year olds more than expected (X2 = 
28.22, P > 0.10, df = 20: heterogeneity= 17.60, P > 0.50, df = 
19). These results suggest that, in general, ewes 5-6 years of 
age neither avoided nor sought the company of other age classes. 
The clumping that occurred was probably the result of avoidance 
by yearling and 2-4 year old ewes. 
Genotype associations 
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All 2-4 year old ewes in the herd were brocatelface; 19 
yearlings were brocatelface, but all other ewes were whiteface. 
Therefore, t he age associ ations shown by the 2-4 year old sample 
ewes may have been a genotype relationship. To determine whether 
or not brocatelface ev,es associated by genotype, I tested the 
associations shown by the sample brocatelface ewes with all other 
brocatelface ewes, with ewes of the same age, with brocatelface 
plus yearling ewes, and with yea r ling ewes against all other 
ewes (Table 25). The different test scores suggest the sample 
brocatelface ewes associated more with other brocatelface and 
yearling ewes than with other ewes of the same age. Heterogeneity 
scores indicate that sample brocatelface ewes were more consistent 
in their associations vii th yearlings than they were vii th other 
ewes of the same age or genotype. 
Table 25. Goodness-of-fit and heterogeneity test scores for associations between sample 
brocatelface ewes and other genotype or age classes. 
Sum of 6 Pooled 
Goodness- Goodness- Heteorogeneity 
of-fit of-fit 
tests 
Brocatelface + yearlings 33.86 23.36 10. 50 
All others 16.85 11. 63 5.22 
Total chi-square 50. 71 ** 34.99** 15. 72* 
Brocatelface of the same age 23.50 10 .02 13.48 
All others 5.30 2.26 3.04 
Total chi-square 28.80** 12.28** 16.52** 
All Brocatelface 32.19 17.10 15.09 
A 11 Whiteface 8.31 4.42 3.89 
Total chi-square 40.50** 21.52** 18. 98* 
Yearlings 15.09 13.85 1. 24 
All others 2.62 2.41 .21 
Total chi-square 17.71 16.26** 1.45 
* P < 0.01 
**P < 0.001 
-....J 
-....J 
78 
Perioheral individuals 
During the nearest neighbor observations the location of each 
sample ewe with respect to the herd was recorded as either 
peripheral or internal. These data \'Jere subjected to a Kruskal-
Wallis one-way analysis of variance to determine if there was a 
tendency for different genotypes or age classes to be peripheral 
(Table 26). Brocatel face and yearling ewes v1ere observed on the 
periphery more frequently than were e•ves 5-6 years of age 
(P < 0.01). Brocatelface ewes were also observed on the periphery 
slightly more than yearlings (P < 0.15). 
The proportion of time spent on the periphery of the herd by 
5-6 year old ewes that had a lamb killed (0.3036) was very similar 
to the other 5-6 year olds (0.2776: Table 26). I also tested the 
data to see if there was a diff erence in Grouo A ewes before and 
after one of their lambs was killed. Four of the seven ewes were 
on the periphery more after the kill, while the other three were 
the reverse. These changes did not constitute a pattern (McNemar 
test: P > 0.50). 
During the latter part of the study, the ewes began to form 
the bedground formation about a half-hour before sunset, and I 
was able to record the identities of peripheral individuals 11 
times over a 3-wk period. The number of ewes on the periphery 
varied from 52 to 92 (x = 71.18, S.D. = 12.03). The mean number 
of ewes per night was used to approximate the binomial probability 
of observing a specific ewe on any night. During the 11 nights, 
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Table 26. The proportion of time that sample ewes of different 
age, genotype, or kill classes spent on the 
periphery of the herd during its daily activities. 
Data are from nearest neighbor studies. 
Kruskal-
Wa 11 is 
Ewe class N Mean s ta tis tic 
Yearlings 7 0.3799 11.84** 
Brocatelface (2-4 yr) 6 0.5026 
5-6 years o 1 d 30 0.2836 
Yearlings 7 0.3799 4.06* 
5-6 years old 30 0.2836 
Yearlings 7 0.3799 2.47 
Brocatelface (2-4 yr) 6 0.2836 
5-6 year olds that had 
a 1 a mb k i 11 e d 7 0.3037 0.07 
All othe r 5-6 year olds 23 0. 2776 
* p < 0.05 
** p < 0.01 
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43 ewes were observed more than expected by chance (goodness-of-
fit: P < 0.001). The next question is, did the age and genotype 
differences which existed for peripheral ewes during the day also 
exist on the bedground? All three age classes were tested 
together (Table 27) and then tested separately against all other 
ewes. The results of the 2 x 2 tests showed that yearlings were 
observed on the periphery of the bedground more than expected 
(goodness-of-fit: P < 0.01), but ewes 2-4 and 5-6 years of age 
were observed at random (P > 0.50 and P > 0.30, respectively). 
During the 3-wk period, coyotes killed five lambs. Unfortu-
nately, no lambs were killed on the same nights that data were 
collected. The dams of the five lambs were all observed on the 
periphery after the kill, but only one before. None were among 
the 43 ewes that were observed more than expected. 
Leadership 
Generally when the sheep left or returned to the bedground, 
they moved in a semicircular formation similar to the one 
described by Squires (1974). The formation of a file was the 
exception, not the rule. However, near the end of the study the 
herd was in a double pasture where they bedded and camped near 
the eastern end of one pasture and grazed primarily in the second 
pasture, 1 km to the west. In the morning when the herd left the 
bedground, the ev,1es walked along a road in a file formation to 
the western pasture. The breadth of the file varied from 10 to 44 
ewes (x = 20.21, s.o. = 8.91) and at times was over half a 
kilometer long. 
Table 27. The expected and observed frequency that the three 
age classes were observed on the periphery of the 
bedground during 11 trials over a 3-wk period. 
Expected values were calculated fro m a hypergeometric 
distribution. 
Goodness-
Age class Expected Observed of-fit 
1 year 117.61 147 7.34 
2-4 years 146.36 140 0.2 8 
5-6 years 518 .80 496 1.00 
8.62* 
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To determine if 11leadership 11 existed in the file, I recorded 
the identities of the first individuals to leave the bedground 
and the identities of the lead individuals as the file passed 
four oredetermined points along the road 10 times between July 26 
and August 14. If there is no tendency for any particular ewe to 
be at the front of a file, then the frequency that a ewe is 
observed is approximately binomial. Of the 336 ewes that were 
observed at least once, 58 were observed more than expected as the 
file passed predetermined points (P < 0.001). Only eight of these 
ewes were observed more than expected at each of the four points 
and six at any three consecutive points. Similarly, 9 of the 46 
ewes recorded as first off the bedground were observed more than 
expected (P < 0.001), but only 2 were also significant at three 
or more points along the road. Therefore, in a statistical sense, 
one or two ewes were leaders . However, since 336 ewes were 
recorded as leaders at least once and 58 ewes were recorded a 
significant number of times, the data suggest that within the herd 
there was a pool of ewes that had a tendency to be up front. 
And within the pool, 14 ewes were fairly consistent in their 
forward positions. 
The next logical question is, did age and genotype differences 
also exist in lead ewes as they had in peripheral ewes and 
associations? The expected and observed values for each age class 
are presented in Table 28. Separate 2 x 2 tests showed that 
yearlings were front individuals more than expected by chance 
Table 28. The frequency that ewes of different age classes 
were observed as lead individuals during 10 
trials. Expected values are calculated from the 
probability of seeing an age class at one pre-
determined point. 
Goodness-
Age class Expected Observed of-fit 
1 year 21. 035 69 109.37 
2-4 years 26.088 12 7.61 
5-6 years 91.933 58 12.52 
129.50* 
* P < 0.001 
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(goodness-to-fit: P < 0.001), while ewes 2-4 (brocatelface) and 
5-6 years old were observed less than predicted (P < 0.01). 
Target Lamb Studies 
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One objective of the study was to test the feasibility of 
creating target lambs by altering their behavior, appearance, or 
social relationships with other herd members to make them more 
vulnerable to predation. Toward this end, I conducted six 
experiments: three involved releasing lambs into a herd with which 
they had no prior association; one involved tethering lambs around 
the periohery of the bedground; and two involved mechanical 
alterations to movement and pelage. 
Strange-lamb experiments 
During pilot studies in 1974, I noticed that a lamb which had 
been raised by humans and later released with a small flock of 50 
ewes, lambs, and rams was frequently on the periphery during the 
evening. These observations suggested that it might be possible 
to increase vulnerability by simply releasing lambs into a herd 
with which they had no prior experience. The social factors 
operating within the herd might keep these "strange" lambs on the 
periphery for a short period of time and thereby increase 
vulnerability. 
The first attempt at creating target lambs by the strange 
lamb hypothesis was the release of two lambs, raised in Utah, into 
the Montana herd on June 18. The two Utah lambs remained together 
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on the periphery of the herd for 3 days. During the next 2 weeks, 
the Utah lambs were still on the periphery, but were seldom 
observed together. After this time, the lambs began to mix with 
the herd. The Utah lambs were removed from the herd on August 15. 
During the time that the lambs were in the herd, coyotes killed 
40 lambs, 22 of which were killed within 6 days after the release 
of the Utah lambs. This experiment suggests that strange lambs 
are forced to the periphery for a short period, but that more 
lambs needed to be released to increase the odds that they are 
encountered by attacking coyotes. 
There were two herds on the Cook Ranch in 1975, one termed 
the early herd and the present study herd. Fifteen lambs raised 
together as orphans were released into the early herd on July 1. 
The foll owing day the 15 la mbs had already separated as a social 
unit, but were on the per iphery of the herd. By July 20, only 
five lambs were observed on the periphery. Coyotes killed 37 
1 ambs between July 1 and July 22; 4 of the 37 were target 1 ambs. 
The proportion of target lambs killed was more than expected by 
chance (P < 0.001: Table 29). 
The strange-lamb experiment was replicated on August 20. 
This time 19 lambs from the study herd were released into the 
early herd. Coyotes killed nine lambs during the following 10 
days, three of which were target lambs. The difference in 
proportions was again signficant (P < 0.001: Table 29). 
Table 29. The number of herd and target lambs killed by coyotes during three trials to 
determine the feasibility of introducing 11strange 11 lambs as target 
individuals. 
Number killed 
Number not killed 
* P < 0.001 
Trial I 
Herd 
lambs 
40 
839 
Target 
lambs 
0 
2 
Trial II 
Herd 
lambs 
33 
615 
Target 
lambs 
4* 
11 
Herd 
lambs 
6 
616 
Trial III 
Target 
lambs 
3* 
16 
OJ 
m 
Mechanical alterations to 
movement and pelage 
The feasibility of creating target lambs through mechanical 
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alterations to movement and pelage was tested in three experiments. 
The first experiment consisted of tethering five lambs around the 
periphery of the bedground for seven consecutive nights. The 
second consisted of five lambs dyed black and allowed to mix with 
a herd for 25 days'. The last experiment consisted of 10 hobbled 
lambs released in a herd for 7 days. All experimental lambs were 
released into the same herds from which they were observed. 
Coyotes killed a total of 37 lambs while the experiments were in 
progress. No experimental lambs were killed. 
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DISCUSSION 
The Lambing Operation 
Starvation and disease are major causes of lamb mortality 
during the first few weeks after parturition (Moule 1954, 
Alexander et al. 1955, Safford and Hoversland 1960, McDonald 1966). 
Starvation and disease are also factors which increase a lamb's 
susceptibility to predation (McFarlane 1964, Smith 1964, Moore 
et al. 1966, Dennis 1969, Rowley 1970). Abandonment (Alexander 
and Peterson 1961), unsound udders (Moule 1954), and ineffective 
suckling (Alexander 1958) are frequent causative agents in 
starvation. Since it is possible that many lambs that attendant s 
re moved and some lambs t hey forced to suckle would have died 
without human assistance , the Cook Ranch's shed lambing procedur es 
effectively reduced early lamb los ses. The impact of shed lambing 
on this study was a reduction of neonatal losses and not on the 
primary objective of re 1 a ting sheep behavior to coyote predat"ion 
during the entire lamb season. 
Prey Sele ction 
Previous studies of predator-prey relationships suggest 
predators are selective with respect to prey. Predators select 
less alert individuals (Schaller 1968, Eaton 1970), individuals 
that display abnormal behavior (Kruuk 1972, Schaller 1972), 
physically inferior individuals (Kuhme 1965, Crisler 1956, Mech 
1966)~ and individuals which in response to social factors place 
themselves in more vulne rable positions (Estes and Goddard 1967, 
Estes 1967, Schaller 1972, Kolenosky 1972). 
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Coyotes selected physically inferior individuals. They 
killed lambs almost exclusively until the lambs approached the 
size of yearling ewes. It is possible that coyotes responded to 
aberrant movement. Lambs that limped or moved in a slow, hunched 
manner were killed proportionately more than normal-appearing 
lambs. Other studies have shown that predators captured a 
disproportionate number of crippled or handicapped prey (Popham 
1942; Ricker 1949; Rudebeck 1950-1951). In a more recent study 
designed to examine the influence of movement, pelage color, and 
morphology on prey selection, Ruggiero (1975) presented pairs of 
mice in various combinations of black and white pelage; familiar 
and unfamiliar morphology; and normal, aberrant, or no movement to 
six wild caught American kestrels (Falco sparvirus). The kestrels 
selected aberrant movement over normal or no movement if the 
morphology of the mice was familiar. 
The lamb's physical condition which produced aberrant 
movement also influenced its location within the herd. Disabled 
lambs lagged behind the herd and were frequently observed on its 
periphery in the evening or early morning. A combination of 
aberrant movement and increased exposure resulting from peripheral 
positions probably increased vulnerability. 
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The mobility of the ewe also contributed to a lamb's suscepti-
bility. Coyotes killed proportionately more lambs from ewes with 
reduced mobility as the result of foot abscess or other disorders 
than they did other lambs. Disabled and sick ewes lagged behind 
the herd during the day and were among the last individuals to 
return to the bedground at night. It seems likely that reduced 
mobility increased the probability that a ewe and her lambs would 
be on the periphery of the bedground; this in turn increased the 
probability that the lambs would be encountered by coyotes. 
Statistically, coyotes killed more single lambs than they did 
twins or triplets. The biological reasons for this selection are 
unknovm. Coyotes killed male and female lambs in about equal 
numbers. This differed f rom Henne's (1975) findings the previous 
year when coyotes killed more females than males. 
General Behavior 
Much of our knowledge of ruminant activity patterns including 
sheep comes from observers who studied small groups of animals 
in confined environ ments (reviewed by Hafez 1969). The limitations 
of studying a few sheep in a small paddock and extrapolating to 
large herds under free-range conditions has been discussed by 
Lynch (1967). There are a few studies of the activity patterns 
of large herds under free-ranging conditions (Cory 1927, Doran 
1943, Bowns 1971, Squires 1974): Except for Doran (1943), these 
studies examined activity patterns only in terms of grazing, 
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resting, and walking, permitting only limited comparisons with the 
activity patterns in the present study. 
Grazing is by far the most important daytime activity. The 
Montana herd spent 60 percent of their day grazing. This compares 
favorably with 67 percent for unherded sheep on mountain summer 
ranges in southwestern Utah (Bowns 1971), but is more than the 
47-50 percent shown by herds in western Colorado (Doran 1943) and 
in the Edwards Plateau of Texas (Cory 1927). 
Grazing occurred primarily from sunrise to mid-morning and 
again from late afternoon to sunset. Although a few ewes and lambs 
grazed near the periphery of the bedground at night, the herd as a 
whole did not graze at night. Other researchers have reported 
bimodal grazing patterns for cows and sheep under free-range 
conditio ns (Wagnon 1963, Squires 1974) and in pastures (Lofgreen 
et al. 1957, Sheppard et al. 1957, Arnold 1962). Multimodal 
patterns with one or more grazing periods during the night have 
been reported for sheep and cows in small paddocks (Hughes and 
Reid 1951, Smith 1959). The factors which produce night grazing 
are poorly understood. Its presence is usually attributed to 
high daytime temperatures (Seath and Miller 1946, Tribe 1949) and 
the prevalence of flies (Hafez et al. 1969). Although these 
conditions existed during July and August, the herd did not graze 
at night. Jarman and Jarman (1973) have suggested that impala 
(Aepyceros melampus) which rely on vision to detect predators 
restricted mobile activities to the daytime. Their one nocturnal 
period of grazing coincided with the time of least predator 
activity. Yocum (1967) did not observe night grazing in a feral 
population of goats which were preyed upon by packs of feral 
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dogs. Other studies of native ungulates also suggest that nightly 
activities are restricted even if there are long periods during 
the day in which the species is . idle (Altman 1952, Woolf et al. 
1970). The bushbuck (Tragelaphus scriptus) which is considered 
a nocturnal species grazes less at night than it does during the 
day (Waser 1975). Sheep, which rely on vision to detect predators, 
might also restrict vulnerable activities such as grazing to the 
daytime when they are subject to nightly coyote attacks. 
The period between mid-morning and mid-afternoon was devoted 
to resting and ruminating. Similar results were reported by 
Bowns (1971) and Squires (1971). The major modes of resting were 
lying and standing. Sleeping was observed only 5 percent of the 
time. Periods of sleeping were of short duration and never lasted 
for an entire 15-min observation period. Munro (1957) observed 
that sheep slept for periods of up to 38 minutes in duration in 
a laboratory environment. 
When ewes and lambs slept, they were easily caught and did 
not appear to be aware of slight disturbances in their surrounding 
environment. Bell (1960) showed that goats which did not actually 
sleep had periods of somnolence similar to the deep sleep of other 
species. During these periods of somnolence there was a loss of 
muscle tone and a rise in sensory thresholds. Munro (1957) 
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observed that sleeping sheep did not perceive the odor of food, 
sounds of a ticking clock, or a camera flash. Balch (1955) has 
suggested that consciousness is required for rumination. 
Rumination requires not only time but also that the thorax be 
maintained in an upright position. This imposes a degree of 
consciousness upon the animal. If the heads of lambs captured 
with the aid of drugs were not held in an upright position until 
the effects of the drug wore off, they stopped breathing. It is 
possible that digestive gases in the rumen were not released 
unless the thorax was in an upright position. An accumulation of 
rumen gases may place enough pressure upon the diaphragm to 
retard breathing. 
The li nk between rumination and sleeping might be one of the 
factors which influence t he change in the lambs' resting pattern. 
During the first week of the study lambs slept twice as much as 
ewes, but the same amount of time at the end. During the same 
period they increased the proportion of time spent grazing from 
35 to 60 percent. Lambs were given supplemental feed _ad_ Ji_!)_ 
during the first two months but none the last two. The increased 
roughage in the diet necessitated more rumination and hence less 
sleep. Morag (1967) has shown that when ewes were given ground 
grass and oxytocin, they slept. But when hay was added~ lib to 
the diet, the ewes no longer slept: instead, they kept their heads 
in an upright position and remained alert. 
94 
Active maternal care such as looking for or nursing lambs 
amounted to only 1.4 percent of the ewes' daily activity budget. 
The actual time spent nursing averaged 0.43 percent which is very 
similar to the 0.41 percent observed by Doran (1943). The amount 
of time that lambs nursed decreased from 2.6 percent the first 
2 weeks to 0.34 percent the 2 weeks before they were weaned. 
Ewbank (1964) has shown that lambs suckle only about a third as 
much at 12 weeks as they do at 1 week. Other studies (reviewed 
by Hafez et al. 1969, Lent 1974) showed even greater reductions. 
Munro and Inkson (1957) reasoned that lambs nursing every four 
hours obtained as much milk as those nursing every hour. 
Nursing occurred at all times of the day, but was concentrated 
near the end of the midday rest period. At this time the ewe 
typically initiated the nursing response by facing the lambs and 
calling (Scott 1945, Ewbank 1967). At other times, the lambs 
frequently initiated suckling by running in front of and shoving 
her against her chest. "Heading-off" is a common behavior of 
ungulate calves (Lent 1974). Lambs were observed terminating 
suckling bouts while in the isolation and holding pens, but only 
rarely after they were turned out to pasture. Lent (1974) 
suggested the change from offspring terminating suckling during 
the neonatal period to mothers terminating suckling later may be 
part of the general trend leading towards weaning. 
Sheep spend surprisingly little time investigating their 
environment or observing other members of the flock. The 
infrequency in which ewes lifted their heads and looked around 
compared to deer was noted by Gilbert (1973). 
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Encounters between adult ewes were also rare. Over half of 
the encounters were passive and consisted of a ewe rubbing her 
ears against another ewe's or avoiding another ewe. Half the 
encounters which involved butting, chasing, or shoving were 
between a ewe and a non-maternal lamb. Less than one butting, 
chasing, or shoving incident was observed per sample ewe and some 
other adult member of the flock. The infrequency of encounters 
between ewes is in keeping with the loose social organization 
within the herd and the lack of competition for food or space. 
The lack of encounters may also reflect a general selection for 
reduced inter-animal aggressiveness (McBride 1959). 
There are few data about the distance relationships between 
ewes and la mbs under ran ge conditions. McBride et al. (1967) and 
Morgan and Arnold (1974) examined the distance relationships in 
small paddocks between ewes and lambs during the first month after 
parturition and suggested the distance between ewes and lambs 
increased after the first 10 days of life. The conclusions of 
these two studies differ only in the rate at which distance 
increases with age. In the present study, the lambs averaged 
three weeks of age when the herd was turned out to pasture, so 
comparisons are somewhat limited. 
Sample lambs gradually increased the proportion of time that 
they were within 1.5 m of the ewe up to day 58. After day 58, the 
96 
amount of time at this distance decreased slightly. Corresponding 
changes occurred in the other distance zones. The amount of time 
the lambs were not within sight of the ewe decreased up to day 58 
and then increased. These data suggest that in a large herd 
under range conditions lambs tend to decrease their distance from 
the ewe, at least for the first two months. 
Shillito and Alexander (1975) have shown that a lamb's 
ability to recognize its dam when all ewes are similar improves 
with age. Similarly, Winfield and Kilgour (1976) have shown that 
the general following response becomes more discriminatory with 
increasing age of the lamb. In Winfield and Kilgour 1 s study, 
lambs 5-10 days of age showed the strongest propensity to follow 
surrogate mothers. After 10 days of age the lambs were more 
selecti ve, but even at 21 days of age they readily followed 
surrogate mothers. Lambs recognize their dams by visual and 
auditory cues. If deprived of visual cues, lambs may not attempt 
to locate their dams (Arnold et al. 1975) but follow alien ewes 
instead (Winfield and Kilgour 1976). The tendency to follow 
alien ewes when visual contact is blocked can explain the 
difference between the results of the present study and those of 
McBride et al. (1967) and Morgan and Arnold (1974). The large 
size of the study herd produced an environment in which visual 
contact between a sample ewe and her lambs was frequently blocked 
by other herd members. Thus, the lambs in this study were more 
likely to follow alien ewes than were the lambs in the two previous 
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studies. With increasing age, the lambs not only discriminated 
more but were better able to maintain visual contact with their 
dams. This resulted in a more complete following response (Lent 
1974) which produced the decreasing distance relationship observed 
during the first two months. 
Activity periods of ewes and lambs were highly correlated. 
When ewes were grazing, resting, or walking, the lambs were 
grazing, resting, or walking. Similar results were found by 
Morgan and Arnold (1974). Although lambs were not within sight 
of the ewe at all times of the day, they tended to be away from 
the ewe more when ewes were resting than when ewes were grazing 
or walking. Lambs were away from the ewe least when ewes were 
walking. Lambs and ewes became isolated during rest periods when 
either the ewe or the lamb changed its location. A ewe might get 
up, stretch, and walk to another area of the daycamp before lying 
down again . Lambs showed the same pattern and as a result, they 
occasionally became separated from the ewe. At the end of the 
midday rest period ewes gathered their lambs, the lambs nursed, 
and ewes and lambs left the daycamp together; hence, the negative 
correlation between walking and location unknown. The following 
response has been suggested as the basis for social organization 
of sheep (Scott 1942, 1945; Arnold and Morgan 1974). 
The amount of time ewes walked during grazing varied among 
pastures, espec ially when the forage in a new pasture differed 
from that of the previous pasture. Ewes obviously preferred 
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alfalfa and searched for it in pastures where it was scarce. The 
data also suggest that ewes condition to less preferred diets, in 
this case a scarcity of alfalfa, and adjust their grazing behavior 
accordingly. Arnold (1964a) and Arnold and Maller (1977) have 
shown that prior grazing experience strongly influences preference 
ran king of plant species. When sheep which were accustomed to a 
low rainfall pastoral area were removed to a highly improved 
pasture, their adjustment to the new vegetation was poor and a 
weight loss resulted (Arnold in McBride et al. 1967). 
The observations in the present study and those of Graham 
Arnold have obvious management implications. For example, 
specialized grazing syst ems have met with limited success in terms 
of weight gains (Heady 1961, 1975). Part of the problem may lie 
in the animals' response to new vegetation. The vegetation in 
differen t pastures may di ffer in species or in growth stage. In 
any event, it is different to the grazing animal (Bell 1970, Arnold 
1964b), Heady 1964, Milton 1956). If the new vegetation is less 
preferred, the animals may spend time searching for the more 
preferred species and growth stage. This study suggests the amount 
of time spent searching for preferred forage in a new pasture 
might be reduced by restricting the amount of pasture available 
to search until the animals are conditioned to the new vegetation. 
Behavioral Differences 
The way in which ewes apportioned their activities differed 
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with respect to age and genotype. Brocatelface ewes grazed less 
but rested more than whiteface ewes. Bowns (1971) observed 
differences in grazing and resting times between breeds on a 
common summer range. Brocatelface ewes interacted with other 
flock members twice as often as did whiteface ewes. In their 
interactions with other flock members, brocatelface ewes were more 
aggressive and avoided combat situations less often. These 
traits are compatible with the less developed flocking behavior 
of blackface breeds (Terrill 1968). Yearling ewes investigated 
their surrounding environment and watched other flock members 
less than older ewes. Yearling ewes were also subordinate to the 
older and larger adult members of the herd. Geist (1971) 
suspects that among bighorn sheep (Ovis ~nadensis) only dominant 
animals are free to look in all directions when the sheep are 
close to each other. He noted that when the smaller, subordinate 
animals looked at dominants, they were frequently butted. It is 
possible that the short distances between individuals in this 
study produced an environment in which yearlings were not free to 
look in all directions. 
Ewes that had a lamb killed by coyotes (Group A ewes) 
differed from other ewes in sleeping, urinating and grooming. It 
is possible that if Group A ewes slept less during the day, they 
may have slept more at night and this reduced awareness increased 
their lambs' susceptibility to predation. However, this speculation 
is tenuous because sleep is an infrequent activity among sheep and 
would seemingly have little influence upon susceptibility. A 
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general hypothesis that behavioral signatures differ between ewes 
with lambs killed and those who lambs survived was not 
substantiated. In terms of the behavioral parameters measured 
in this study, age and genotype differences existed, but the ewes 
that had a lamb killed by coyotes were remarkably similar to the 
other ewes in the herd. 
Singles spent more time nursing than did twins during the 
first half of the study but not during the last half. This 
difference resulted from the time required to drain the udder by 
a single lamb compared to twins. Ewbank (1964) has shown that by 
the fifth week of age, twins and singles generally suckled the 
same number of times per day. The fact that some singles in the 
herd were from yearling ewes and were weaned earlier probably 
produced the difference between twins and singles during the last 
56 days. Singles also grazed less during the first half of the 
study, which reflects the slight age difference between the two 
groups. Singles as a class were approximately 10 days younger 
than the twins. During the last half of the study, singles grazed 
and lay down more than twins. The slightly greater time spent 
grazing, assuming both groups ate at the same rate, may have 
caused a need to ruminate longer and this was reflected in the 
time spent lying. Males lay down more than females, but grazed 
less. Although this difference between males and females does not 
support a hypothesis of a positive relationship between lying 
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and grazing, it does not contradict the hypothesis. Singles had 
a tendency to investigate and interact with other flock members 
more than twins during the first half of the study, but not during 
the last half. This may again reflect age differences. As lambs 
grow older, exploratory activities diminish in frequency. 
When averaged over the year, sibling groups in which coyotes 
killed a lamb (Group A lambs) nursed, played, and interacted 
with other flock members more than other lambs (Group B lambs), 
but these yearly differences were not reflected within shorter 
time periods. Basically, Group A lambs were very similar to all 
other lambs. Within Group A lambs, however, the siblings that 
were killed (Group D lambs) may have been somewhat different. 
The sibling s that were killed consistently lay down less than 
their li t ter mates. They al so grazed more in three of the four 
periods and 12 percent more for the year. Yearly averages for 
investigating and interacting with other herd members were higher 
for Group D lambs, but the averages were not consistent across 
time periods. It is possible that the sibling that was killed 
had a slightly more active behavioral signature, but the evidence 
is not strong enough at this point to support a hypothesis that 
behavioral differences predisposed certain lambs to predation. 
Single lambs were within 1.5 m of their dams more often than 
were twins, while twins were between 1.5 and 3.0 m more often 
than were singles. These differences reflect the following 
behavior of lambs during periods of grazing and walking, since 
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lambs spaced themselves behind the ewe in more or less a single 
file. One twin was frequently within 1.5 m of the ewe while the 
other was between 1.5 and 3.0 m. Morgan and Arnold (1974) also 
observed differences between twins and singles; however, in their 
study during periods of grazing, twins showed a tendency to be 
closer to the ewe. 
Twins were not within sight of the ewe slightly more than 
singles. Although ewes with twins gathered and nursed both lambs 
when they left the daycamp, there were times when only one lamb 
responded to its dam's call. When this happened, the one twin 
nursed and apparently satisfied the ewe, since the ewe made no 
further effort to collect the missing twin. This behavioral 
trait re i nf orces the hypothesis that maternal care in mammals is 
associat ed with discomfor t of the udder. 
During the last half of the study, male lambs were consistently 
closer to their dams than were females. The opposite was true 
during the first half. Male and female lambs also changed their 
following patterns. Initially, males were directly behind the 
ewe more than females, but this pattern reversed halfway through 
the study. Throughout the study, males were within sight of the 
ewe consistently more than were females. The reason for this 
difference is not apparent. Even though males were castrated, the 
difference between males and females would seem to have occurred 
too early in the life cycle to be attributed to gonadotropins. 
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Sibling groups in which one of the lambs was killed (Group A 
lambs) also differed from other lambs (Group B) in distances from 
the ewe and where they were with respect to the ewe. Group A 
lambs did not differ from Group B lambs, however, in being 
separated from the ewe. Although it is possible that the difference 
in distance relationships between Group A and B lambs affected 
their susceptibility to predation, the differences do not appear 
to be large enough or consistent enough through time to support a 
hypothesis of behavior predisposing certain lambs to predation. 
Coyote predation on lambs in a large herd under range conditions 
is more a matt er of chance. In this respect, the sheep-coyote 
relationship is similar to the lion-wildebeest relationship 
reported by Schaller (1972). 
In the coyote-sheep and lion-wildebeest predator-prey 
relationships, predation occurs on peripheral individuals or 
individuals which become isolated from the protection of the herd. 
Lambs are not within sight of the ewe as much as 30 percent of the 
time and frequently during resting periods. It is possible that 
these lost lambs are the ones that are killed, but since this is 
a behavioral trait common to all lambs and not limited to a certain 
few, all healthy lambs appear to be equally susceptible to coyote 
predation. Behavioral differences which predisrose certain 
individuals to predation in other herding species do not appear 
to exist in a large flock of domestic sheep subject to coyote 
predation. 
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Social Behavior 
Pairwise associations above the ewe-lamb level have been 
observed in feral populations (Grubb and Jewell 1966) and in 
domestic flocks where young ewes stay with the ewe flock (Scott 
1945, Hunter and Milner 1963). In the Montana herd, pairwise 
associations above the ewe-lamb level did not occur even though 
mothers and daughters existed. The ewes did associate by age and 
genotype. These results are more in line with those of Arnold 
and Pahl (1967, 1974), except age associations were not observed 
in their studies. 
Scott (1945) and more recently Arnold and Pahl (1974) have 
suggested that the practice of removing lambs from their dams 
before natural weaning and the formation of bands of uniform age 
and sex breaks the only existing social bond in sheep, and that 
this in turn creates a social environment favoring aggregations. 
The existence of aggregations (Allee 1931), however, is not 
unusual among the artiodactyla in natural environments (Jarman 
1974). Studies of wildebeest (Estes 1974); lesser kudu, 
Tragelaphus imborbis (Leuthold 1974); and defassa waterbuck, 
Kobus defassa (Hanks et al. 1962) show an absence of lasting 
associations above the cow-calf level. In North America, pairwise 
associations in elk (Cervus canadensis) are weak and of short 
duration in large herds (Knight 1970) but may persist in small 
cow-calf groups during the spring (Altman 1952). The existence 
of pairwise associations observed in small groups of domestic 
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sheep in captivity was not observed in the closely related Punjab 
Urial (Ovis orientalis punjabiensis) under natural conditions 
(Schaller and Mirza 1974). The existence of social organization 
in previous studies of domestic sheep may have been a product of 
the experimental environment. There is some contention that the 
stable dominance hierarchies observed in controlled studies of 
primate behavior are products of captivity (Gartlan 1968, Rowell 
1974). The infrequency of agoni sti c encounters observed in wild 
primates in natural environments has led Gartlan (1968) and Rowell 
(1974) to argue against the establishment of hierarchies in 
natural environments. Although captivity may induce hierarchical 
formation, it can also disrupt it. Ewbank (1969), as cited by 
Kiley (1974), found that the rigid dominance hierarchy of small 
groups of penned pigs was destroyed by the addition of more pigs. 
There is not enough evidence avnilable at present to know at what 
point herd size disrupts pairwise associations in domestic sheep. 
The associat ions observed in the present study resulted 
from dominance relationships and genotype characteristics. Age 
associations resulting from a correlation between size and 
dominance rank may be a behavioral trait of the genus Ovis (Geist 
1968, 1971; Schaller and Mirza 1974), although it appears to be 
expressed only in yearlings in domestic sheep. The la ck of 
pairwise associations, but the presence of age and genotype 
associations observed in this study, support Arnold's contention 
that 11whi 1st sheep seek the company of those of their own breed, 
they are not concerned as to what particular animals constitute 
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this company 11 (Arnold and Pahl 1974: p. 599). 
Statistically, some ewes and yearling ewes as a class were 
recorded at the head of files more than expected by chance. 
Statistical leadership has also been observed in other studies of 
sheep (e.g., Scott 1945, Squires and Daws 1975) and in cows (e.g., 
Kilgour and Scott 1959, Bielharz and Mylrea 1963b). Leadership 
in the welfare sense used by Darling (1937) did not exist in the 
Montana herd. If the lead ewes stopped to graze, they were passed 
by trailing ewes. The leadership observed in the Montana herd 
was similar to that observed by Meese and Ewbank (1973) where 
certain animals reacted to environmental factors faster than 
others and this stimulated a response among other flock members. 
The general lack of file formations and the conveyor belt or 
rolling pattern of the entire file when files were formed 
reinforces Syme and Syme's (1974) ar gument that leadership in 
domestic sheep is not a robust phenomenon. 
Yearling ewes were not consistently the first ewes off the 
bedground, but they were very consistent as lead ewes. This 
suggests that once the herd was moving, social pressures pushed 
yearling ewes to the head of the file, and that lead ewes in a 
large herd are not the older ewes (Scott 1945) or the dominant 
individuals (Squires and Daws 1975) reported as leaders in small 
farm flocks. 
Social pressures also influenced flock organization. 
Brocatelface ewes were peripheral during the day but not on the 
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bedground. The effect of breed on flocking behavior has been 
shown in other studies (e.g., Hunter 1960, Arnold and Pahl 1974). 
The factors which produce breed associations in domestic sheep 
are unknown. In Arnold's study, ewes with no prior experience and 
lambs with prior experience with other breeds all showed 
breed preferences, and the strength of these preferences varied 
between breeds (Arnold and Pahl 1974). Arnold has proposed 
that inherited characteristics allow individuals to discriminate 
breed identity. Yearling ewes were peripheral both during the 
day and on the bedground. The factors which produced peripheral 
locations in yearlings are more simply explained. Yearling ewes 
were subordinate animals and this social status probably pushed 
them to the outside of the flock. The location of subordinate 
individu als on the periphery of herds has been observed in bighorn 
sheep (Geis t 1971) in defassa waterbuck (Spinage 1969), in Gelada 
baboons (Crook 1966), in other primates (Chance and Jolly 1970, 
Southwick et al. 1965), and in wood-pigeons (Murton et al. 1966). 
The advantages of flocking to conspicuous animals as an anti-
predator mechanism is well known (e.g., Hamilton 1971; Vine 1971, 
1973; Pulliam 1973, Crook et al. 1976) and this study can add 
little to existing concepts. The herd did not graze at night even 
though this might have been expected on the basis of climatic 
conditions. Therefore, we can reasonably assume that in response 
to the openness of the pastures and nightly coyote attacks, 
i ndi vi dua 1 sheep preferred the II concea lment11 afforded by being one 
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of many in a tight bedground formation versus the more open grazing 
formatio ns. If concealment from predators was the only factor 
influencing location on the bedground, then it is reasonable to 
assume that the identities of peripheral ewes through time should 
show a random distribution. This was not the case. Yearling ewes 
appeared on the periphery of the bedground more than expected by 
chance, suggesting that the response of yearling ewes to social 
factors was more influential on their flock loc at ions than their 
response to coyote attacks. Previous studies on the relationships 
between dominance and location within a flock show similar results. 
When cows are forced to move about a pasture, dominant individuals 
are i n the middle of the herd while the lowest ranking animals are 
at the rear nearest to t he dogs or experimenters (Kilgour and 
Scott 1959, Beilharz and Mylrea 1963a). In a recent study of 
dominance and positional behavior in sheep, Dove et al. (1974) 
also obser ved that dominant animals were in the middle and 
subordinate sheeo were closest to yard workers. 
The influence of dominance rank on positional behavior is 
also shown in the strange-lamb experiments. Lambs are subordinate 
individuals and without the protection of ewes, they are pushed 
to the outs ide of the herd, at least initially. Gilbert (1974) 
has shmvn that when fallow deer (Dama dama) fawns which were 
raised in isolation from the main herd were later placed in the 
herd, they were ostracized and forced into peripheral locations. 
The i nflue nce of dominance on positional behavior observed in the 
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present study, other studies, and the results of the strange-lamb 
experiments strongly infer that lambs with increased susceptibility 
to coyote predation can be created by simply raising lambs in 
isolation and later releasing them into a herd. 
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